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Toxrsann Akagqemun nayx CCCP 
1959. Tom 129, Ne 4 


MATEMATHKA 
10. C. BOFAHOB 


O CTPYKTYPE PEWEHHSA HEKOTOPOM JIMHEHHON 
AMUbSEPEHIMAJIbBHOM CHCTEMBbI 


(IT pedcmaeneno akademuxom B. H. Cmupnosoim 16 VII 1959) 


1°. PaccmMoTpuM JIMHeHHOe WupdepeHinarbHoe ypaBHeHve B MaTpulax 


x! = qx — xp, (1) 


re WITpHX oCo3sHayaeT AUdpepeHuupoBanve no ¢t; p Hu g— BeLleCTBeHHBIe 
4 XN-MaTPHUbI-PyHKUM, sayanHble Jia Bcex ¢£€(— oo, co) HM CyMMMpyemBIe 
Ha JIOCOM KOHC4YHOM HHTepBayie U3 (— oo, oo). Pemrenvem (1) Has0Bem BeLle- 
CTBCHHYIO aOCOJIOTHO =HeMpepbiIBHyIO = X N-MaTpULly-)yHKUMIO =x = E(Z), 
£@(— oo, oo), MpoM3sBofHaA KOTOpOH (cylecTByIOWlad MOUTH Bese) obpa- 
)ulaet (1) B ToxZecTBO 


6 (t) = q (4) € (t) —§ (2) p (2) 


| aaa mouTw Bcex ¢€(— oo, oo). Kakumu Obl HM ObIIM MOCTOAHHAaA BelllecTBeH= 
| Had MaTpula % HM BelecTBeHHOe YHCIO ty) (— oo, oo), BCerfa cymlecTByeT UH 
| IpHTOM eMMHCTBeHHOe peweHve (1) B OnNCaHHOM BBILe CMbICJIe, WIA KOTOpOrO 
| (¢)) =a. Ecsm pemienve €(¢f) aBjaeTcad HeocoOeHHOH MaTpuueli xoTA Obl 
| ia ognoro t° €(—o, oo), TO OHO HeOCOOeHHO H JIA BCeX OCTAJIbHbIX 
£€(— oo, oo). Takoe pelienve Ha3blBaloT (yHaMeHTaJbHBIM. OG6o3HauyM &, 
wu £ (dyHaMeHtasibHble pelueHHA, HOpMupoBaHHble npn t = fy (&, (to) = 
= &)(t))=/; ] —equnuunat mXn-MaTpula), COOTBETCTBeEHHO ypaBHeHHSM 
x’ = qx wu x’ =—xp. Marpuua —(t)=&, (4) a&, (¢) Oyger Toryqa dyHameH- 
‘TaJIbHbIM pelleHuem (1), mpuuem & (t)) = «. 

2°. Hue yka3biBaeTCA HeKOTOPOe MipefcTaBJeHHe pellleHui JIMHeMHDIX 
WudcepeniwasbHEIxX CHCTeM, 3aMMCaHHbIX B MaTPHYHOM BUJe, HM NpewqnpHyu- 
-MaeTca MOMbITKA BbIACHUTb CTPYKTYPy TaKHX pelleHHH B OJHOM CMell\HaJIbHOM 
esyuae. 

3°. Teopema 1. JTycmb p umeem npeornee 3HaueHue, a « oO03Ha4aem 
GyHOAMeHMANbHOe pEelleHUe YPABHeHUA 


x’ = p(t+1)x—xp(t), (2) 


HopmupoeanHoe @ mouxe 0. Ilycmb, Oanee, &) o3Ka4aem GyndameHmaaronoe 
Ppewenue ypaeHeHun 

x' = px, (3) 
Hopmupoeannoe npu t= 0. Toeda npu zmb6om HamypancHom Rk Kascdoe pewwe- 
nue — ypaeHenusa (3) moocem Oolmbo npedcmaésseno 6 eude 


B(t-+k) =o(¢ +&—l)o(t+k—2)...0(t+ lobo) (1)E@. (4) 
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TLoxasatreubcrsBo. Matpuua € (t+ 1)=c (£) Eo (¢) Eo (1) § (0) yaoBerBopaerT ie 
ypapuenmio (3), npnuem mpH f= 0 ona oOpamaerca B €(1). CieqoBaTebHO, ff 
E(¢) =&(t) gua Bcex t€(—oo, oo), wu copmyna (4) aun R= 1 foKaszana. § 
Tnua k > 1 foka3aTebCTBO MpOBOAMTCA MO HH AYKIUMH. 

Teopema 1 coyep»KuT mpeycrapuieHve (4) pemienua ypaBHeHusa (3). SHaqe-\p 
He STOrO MpencraBJeHUA JIA WSyYeHHA MOBexeHuA pelueHUul ypaBHeHua (3)) 
IIpOcTyMaeT OCOGEHHO OTYETJIMBO, CCJIM PaCCMOTPeTb ypaBHEHHA, JIA KOTOPbIX ® 
COOTBETCTBYION[AA MaTpHla o OONafaeT a priori HeEKOTOPbIMM CMellMaJIbHbIMM jj 
cBOlcTBaMH, B TepBy!lO Ovepeyb — eC o OKAa3bIBaeTCA NMepHOMMYeECKOM C Me-j§ 
pHoyom | (BeJIMUMHbI, MepHoquyeckH 3aBucaujMe oT ¢ c nepHoyom |, HMKe} 
KPaTKO Ha3bIBaeM MepHOANueCKHMH). 

4°. JIemma. Ecau mampuya o(t) eetuecmeenna, Henpepolena, nepuodusHay® 
u HeocobeHna Oana ecex t€(—1,0], mo cywecmeyem (KomnaeKcnosHaunoltl) 
HenpepoleHolui nepucduyeckuli Inc (ft). 

TlokasatTesbceTBo. Odo3HauuM )y(Z),...,n(¢) TiaBHble 3HayeHHA 
jlorapuqMoB coOcTBeHHbIX 3HayeHHl /,(t),..., /,(/) MaTpuubi o (¢), mepeHy- 
MepOBaHHbIX Tak, uTO MpH i > j: 1) Rel; (t) >Rel; (4); 2) Im/;(t) >Im/;(Z), 9 
ecu Rel; (t) = Rel;(¢). PyuKunn Ay,..., Aq HelpepbIBHbI MW MepHOLMYHT. 
Jlorapudm Ino(t), yKa3aHHblii B JIEMMe, MOX%KHO MOJYYHTb 43 PopMyvIbI Crib- 
Bectpa ((1), erp. 331—332), psaB f (lp) = he. OTmeTuM, TO xoTaA dopmyua 
CubBecTpa MeHAeT CBOH O6JIMK BMeCTe C H3MCHEHHEM X%KOPAaHOBOH CTPyK- 
Typbl o(¢), OHAKO pa3JIMUHbIe MO BAY MpaBble yacTH (OpMy.JbI NepexoAT | 
fiDM STOM HenpepbIBHO pzpyr B Apyra ((?), crp. 332). 

Teopema 2. Ilycme p u §& umetwom npeocnue 3Havenun. Jlonycmum, 
Kpome mozo, «mo (2) umeem nepuoduuecKkoe qbyHOameHmanbHoe pewwexue. 
To20a 


E(t) = ee 4 (¢) et¥§ (0) (5) 


Onn ecex t €(— oo, 00), 20e p, 47 — NeNpepblenole nepuoduxecKue nX N-mampuyol, 
a %— nocmosAHHaA mampuya (p, 4, % Om — He saeucam). 

Jloka3aTeabcTBoO. OdozxauMM o nepHomuMyecKoe (byHaMeHTasbHOe 
pewieHne (2). Bricka3aHHoe yTBep»xeHHe Clemyer H3 Teopembl |, ecu nosO- 
*%KUTb: 1) y paBHbIM ruaBHOMy 3HayeHHIO In&(1); 2) p(1) paBHbIM BbIGpaH- 
HOMy corslacHo siemme Ino (t), t €(— oo, 00); 3) y(t) = el Ye E, (¢ —k) ek 
pute [Re | Riek ae OS 2 tele Ola? 

MoxkHO NoKa3aTb, YTO Y ypaBHeHua (2) ecTb nepHosuyecKoe cbyHsamMen- 
TaJIbHOe pellleHHe, eCJIM peleHHA ypaBHeHusa (3) uMeroT cTpyKTypy (5). 

Teopema 2 ABJAeTCA OOOOUICHHEM H3BECTHOH TeOpeMbl O CTPyKType pelte- 
HHA JIMHeHHOM AucpepeniMasbHol CHCTeMbI C MepHomMyecKkuMH KoOZcpiPpuIeH- . 
TaMH. JlelicTBHTebHO, eCJIM p NepHownuecKas, To (2) MMeeT OYeBHAHOe pe- : 
meHwe o(f)=J mua Bcex t€(—oo, oo) uw (5) npeBpamaerca B chopmyuy | 
@noKxe. B oGujem xe CMyYae MOMyYaeM CHCTEMbI, CYUECTBEHHO OTJIMUHbIC OT 
CHCTeM C MepvomMuecKHMH KoadpdulMeHTaMH, YTO BUHO XOTA Obl 3 HaMUNA 
Cpe TakKUX CHCTEM HelpaBMJIbHbIX B cMbICe JIanyHoBa. Popmy.a (5), mo- 
moOuo (popmMysie PoKe, MpoAcHAeT KapTHHY aACHMMITOTHUeCKOrO NoBeqeHHA 
pellleHHA COOTBETCTBYIOUIMX CHCTeM ypaBHeHuil. 


5°. [Ina BbIACHeHHA TpHAayiexnoctu ypaBHenua (3) kK BbIJ[eJICHHOMY 
Klaccy ypaBHeHui (ypaBHeHHli c pemleHHusMH cO cTpyKTypoi (5)), HeOo6xo- 
HMO HCCJIeMOBaTb BOMpOc O CYMIECTBOBaHHH MepHomMuecKUX yHaMeHTasb- 
HbIX pelleHHi ypaBHenus (2). McceqoBaTb sTOT BOMpOc MO%KHO, Hanpumep, 
C NOMOL[bIO METONOB, MOSBOJIAIOINUX HAXOUTb NepHosugecKkue pellleHua CHCTeM 
C HeNepHOM4eCKHMM TpaBbIMH YaCTAMM (MbI OCTaBJAeM B CTOPOHE TPHBHAaJb- 
HBIM Clydal NepHosquyeckol p B ypaBHeHun (3)) (7-4). 

6°. OrmeTuM OHO ycAOBHe Toro, 4TO ypaBHenne (2) oOsaqaeT nepnoyn- 
YeCKUM PelCHHeM: [ist STOTO, OYCBHAHO, HEOOXOAMMO, YTOOLI cyllecTBOBaa 
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depHofwuuecKkad MaTpHua a(t), WA KOTOPOL 
Cee) = pi ae les Epo 1) p Gyo t(g) (6) 


uid Bcex ?¢6€(— oo, oo) (*). [pu ysennuennu aprymenta ua | matpuua 
p(t + 1)— p(t) mepexogutT, Kak 3TO BuAHO 43 (6), B nOLO6HYyr0 MaT pully. 
ieqOBaTeJbHO, 3 (6), B UWaCTHOCTH, BbITeKaeT, UTO KaHOHMYeCKHH BULL 
TKopzana MaTpuubl p(t + 1)— p(t) qomKen ObiTb NepHosuueckou mMarputelt. 
Hepuopuyueckoe pemenve (2) cileqyeT MCKaTb Cpe MaTpHIL o, yOBMeTBO- 
) ALOLILAX (6). 

Ycnosre (6) npo n= 1 saBaaeTcH He TOMbKO HeOOXOUMBIM, HO M JocTa- 
(OUHBIM [JI CYUIECTBOBAHUA NMepHosMueckoro (pyHaMeHTasbHoro pewmenua y (2). 
STOM cylyyae KosdpuyventT p umeeT Bu p(t)=q(t)+r(t), fue g uw r— 

1 


liepHonuueckue u CyMMUpyemBle 0 mepHogy (yHKUHH, Wpwyem \r@ din 0, 
0 


| wKe IpH n= | nmpocreiimme TIPpHMepbI NOKAa3bIBaIOT, YTO YPaBHeHHA BbIjeJIeH- 


HOrO Kulacca 3aMe€HOH He3aBHCHMOon nepemeHHont t kK ypaBHeHHAM C NepHvoryN- 


leckumn KOSPPUUMEHTAMH TIPHBeCTH HeJIb3A. 


7°. Ec smecto (2) paccmorpetb ypaBHeHue 


x’ = g(t) p (p(t))x— xp (A), 


‘O MOXKHO, ucnow3ya ufero O. HM. Camyana (*), nomyuuTh dopmysay, aHaso- 
wuuHyio (4), © TeM H3MeHeHHeM, 4TO BMecTO / +m HYyKHO OyJeT MOCTaBHTb. 


e(e(.--(@(0).-»)) 


m pa3 


JOaHakO paccyxJeHHAMH, NoOfoOHEIMM npoBefeHHbIM H. II. Epyrunsim B 
‘eTaTbe (°), MOKHO. NOKa3aTb, 4YTO MPHHIUMNMaJbHO HOBbIX pe3YJIbTATOB IIpH 
-PTOM TlouyyeHO He OyfeT (ECM BBI,eIHTb Klacc ypaBHeHHH (3), Avis KOTO- 
DbIX y (2) uMeeTCA (PyHAaMeHTaJIbHOe pelicHHe, MHBAPHAHTHOe OTHOCHTEJIbHO 
iBaMeHb! ¢ Ha (Lf), TO STOT KJIaCc C TOYHOCTbIO JO 3aMeHbI He3aBHCHMOrO: 
mepemeHHoro ¢ coBmafaeT c KaCCOM ypaBHeHHH, BbIJeJIeHHbIM B 4Y), 


Benopycckuit Tlocry mnuio 
rocy{apcTEeHHbIM yHHRepCcHuTer 10 VII 1959 
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Jloxnxagm Akagemuu nayrk CCCP 
1959. Tom 129, Ne 4 


MAT EMATHKA\ 


E. b. BYJI 


O TEOPEMAX EXMHCTBEHHOCTH JJIH ONHOFO KJIACCA 
WMHTErPAJIbHbIX MPEACTABJIEHHA 


(IIpedcmaeazeno akademuxom M. B. Keadouem 24 VIL 1959) 


PaccmoTpHM kulacc dbyHkuMi f (x), MpewcTaBHMbIxX B Bue 


co 


f (x) = \ cos V ix do (n), cy 


Co) 


rye o(A)— koOMieKcHo3HauHad (pyYHKWMA OrpaHHyeHHOH BapHalHn Takad,— 
4TO | 


\ exp [V |X} x] ldo (k)| Cexp [AO oe SO: (2)) 


—oo 


B pa6orax 5. M. Jlesurana u 5B. M. Jlesurana nu H. H. Metimana (})} 
quia coryuan h(x) =cx*, O<a< 2 ObINO NoKasaHO, YTO MpefcraBmeHHe PyHK-} 
uuu f(x) B Buge (1) eqHHCTBeHHO, ecCIM (pyHKUHH o(A) yfoBseTBOpsioT (2). 
Vntepecuo BbIACHUTb, CKOJIb ObICTPbIM BOOOWe MOET CbITb pocT PyHkuni h (x), | 
yTOObI B mpeycraBienun (1) Kayo cbyHkuuu f(x) oTBeuana TombKO onnal 
(yHkuua o(A) (Cc TOUHOCTHIO WO NocTOAHHOK). B npemnosoxeHuu, 4TO dyHK-F 
una A(x) udepenttupyema, h’ (x) MOHOTOHHO BospacTaeT u 


i ele (ea) | 
lim h(x) => i (3), 


x—->0CO 


CUpaBeIMBbI CJlelyrollve TeopeMbl (Hu2Ke Yepes g(t) OGO3Ha¥eHa (byHKUMA, f 
oOpatHad K h’(t)). | 
Teopema 1. Ecau 


mo npedcmaeanenue gynkyuu f(x) 6 eude (1) eOuncmeenHo 6 Kaacce bye | 
yuti o(h), yOoenemeopsroiyux (2). | 
Teopema 2. Ecau 


co 


\ & 


rp Oimcco} 
1 


mo cywecmeyem makaan ynKkyua f(x), umo ee npedcmaenrenue @ eude (1) | 
HeCOUHCMBEHHO 6 KAAaCCe yNKYyUt o(h), yOoBremeopsatOUUx (2) | 

JokasatTegabcTBo Teopemb 1. Jlerko BugeTb, uTO BoNpoc equn- | 
CTBCHHOCTH TpeqcTaBseHna dyHkuun f(x) B Buse (1) cBoguTCA K BONpocy | 
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|| CyleCTBOBaHHH KOMIMMVIeKCHOSHadHON (pyHKILH OrpaHHyeHHOH BapnallHH o (A) 
WaKOH, YTO 

| fore) 

| cosV x x do (X) = 0, — 60 <4 < 00; (1%) 
—0oo 


\ exp [VIMT#] [do ()|<Cexp[a(x)], x>0. (2') 


Ao 
PaccMOTpHM Tipu hy < 0 uHTerpas a\ |do(h)|. Hs (2’) cnenyetT, 4TO mpH 


4 —co 


|do(h)| < exp ie V To | x] \ exp[V BYES do (hk) < Cexp [h (x) — V [ol «| ; 
TlonoKum x = g(V Jol). Torna 
iN 


\ [do (X)| < Cexp [A(g(V iol) —V1%0] eV Po]. 


—oo 
B cuny (3) cymlecrByioT TakHe MOJ1Ox%KUTebHbIe MOCTOAHHBIe a, Cy, yTO 


Ao 
\ 14s ()| <Crexp[—aV[role(VTo))], > <0. (4) 


—oo 


| Bseyem B paccmMoTpeHve aHaJIMTHUeCKY!O B BepXHel MOJIyMJIOCKOCTH (pyHK- 
ltaro F(z) c nomombIO dopMy JIE 
CO 
a) do (h) 
F@= \ yeah” 


30.9) 


pu Imz>0 ona orpanuuena, NOCKOJIbKV 


|F (| =| \ SIO AE | do (d) | = const. 


Vsyaum nopayok yOprBanua cbyHkuun F(z) Ha OTpwaTesbHOM YacTH Jeli- 
cTBUTebHOH ocu. Jina sTOrO MpescTaBHM ee npH x <0 B Buse CyMMbI AByX 
yHKuMH Fy(x) wu F,(x): 

F (x) = Fy (x) + Fe (x), 


| x/4 foe) 
do (h) ane do (h) 
Fy (x) = \ Saar? Fy (x) = \ a= eT 
= x/4 
aa monyaa dyHkunu Fj (x) WMeeT MecTO OlleHKa 


x/4 


IF) < \ |do0)|<Crexp[—-$VTale(HGt)}, x <0. 


Oneuym mogyas cdynKunn Fs (x). C momoutpio dopmy.te 
4 i r — cy el be 
X= (@ +7) = FT| cosVkuexp[iVxFiul du, x<0, 


AY 


cipapezmuBot npu ImVrA<ImVx-+i, mpeycraBuM ee B Buse 


co 


Fo(x) = are \ 420) cos Kner fi iVx+iu]du= 


2) ea ee LN do way cos V kuexpli V«-pin| due 
x/4 


0 


[ee) 


au 4 cosVk uexp|i Vx + iu| du) =f,+ 1, 


N (x) 


rae N (x) = g(V[x]). 


Onenum uuterpan J,. Bocnomb30BaBuucb (1’), yMeeM 


7 \ exp [iV x + iu| du \ cos Vk ude (X)= 
in x) 
; Nix) vA 
Vana exp [iVx+iu] i see u do (h) 
x/4 N (x) 


sat = \ ds (X) \ exp [iV x + iu] cosVX udu= 


x/4 a = ———— i 
_ 4 (Vx +i—Va)exp[GVx+i+tiVi) N(x] 
=a | 0] K— (x + i) 


+ 


VxFi+tVi)exp li Vet iS Vin Gl 2Ve er \. 


ie K— (x + 1) 


Ha ocHopanun HepaBencts (2) u (4) wu BEIGopa N (x) waligem tTaKue no- ; 
cTosHHble Cy > 0, a’ > 0, TO 


[1s] < Coexp[—a' VIxT@ LED) 
Tlepelijem K oleHKe esa Ms 


al =| p= 


7 | do (h) \ cosV kuexp |i Vx + iu] du| Pe 


N (x) 


Sipe! ee as) | SEMOEIEL eis Weenie 
Os A—(x + 1) 
ssp Wap VANS FEE VIN 


x/4 


<|exp Ey (x) (i Vox tie “izl))| \ |e () |< Cy exp [— a” V ix{e(Vixi| z | 


rye Cs u a” > 0—nocrosHunle. 
3 TIPHBe/CHHbIX OMeHOK BbITeKae€T, YTO CYLeECTBYIOT TakKHe MOCTOAHHbIe 
c> 0, a>0, uro 


[FO |=|Fi@) + Fe@1=|Fil) ++ l| <cexp[-aV]x]| g(Vix))]. 
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|| Ha ocwopanun teopemst 1.11 m3 (°) (crp. 35) nonyaaem, uro ecun 


alr (35) or Vee Vi ~ Pg Ut 
\ “; Mh de < —a\ “8S dx = —9a\ BO dt = — 0, 
1 1 z 


ib F (z) =0 u, 3Hauut, o (A) = const. 


co 
| 1 
|} JIoka3saTenpbceTBo Teopemp 2. W3 cxogumocru warerpasta \ &.dt 


1 
(oe) 


ifeyeT CXOMMMOCTb uHTerpavia Nee Aon 


ra 


|| Ha ocnopanun ofnoit teopemp Mangenp6polira(?) cymecrByer Takaa 
ibaa (pyHkuna F(z) =F (x-+ iy), uro ana Hee npH yO cnpaBenuBo 
|PpaBeHCTBO 


LF (2) |<Cexp|py—Viz|e(Viz))], 
t e C u 8 > 0—nekoToppie nocTosHHble. 


| PaccmotpuM (pyuHkuuio F(z) =exp[ifz] F(z). Npnx yO ona yfosue- 
ysopxsieT HepaBeHCTBYy 


\F, (2) =1F (2) |exp [—Byl < Cexp|—V alg V 2D], 


83 KOTOpOorO CJleqyeT, 4TO 


\ cos Vi. xF, (A) dk = \ cos Vix ds (dh) = 0, 


e"2 MH= ) AM 


—0oo 


| 0 
| OueHuM wHTerpas \ exp ate | |do (A) |. Mimeem 


\ expLV Well de (0) | < \exp lVix—Vig Vi] a= 


| {h’(2x)¥ Me Za ay = : ©o 4 7 Z 
i \ exp lv cap he (Vs )| ane \ explVx cy hey )| dh< 
1 0 [h’(2x) ]}? 


< [h' (2x)]? exp [xh’ (2x)] + const < C, exp [C2h (x)], 


rae C, u C,—vHekoTopbie nocTosHHble. CreqopaTesbHo, mpeycTaBseHue 
byHKunn f(x) B Bue (1) B Kuacce PyHKUMH o (A), yRoBJeTBOpsAIOUIUX (2), 
HeeMHCTBeHHO. 

| Astop 6marogaput H. M. Tespdangza 3a nocranopky 3ajauu u M. A. Es- 
fpadopa 3a MOcTOAHHOe BHMMaHHe WM WMHTepec K paodore. 


Tloery muu10 
23 VII 1959 
LMTHPOBAHHAS JIMTEPATYPA 


15. M. Jleputaun, JAH, 76, Ne 4 (1951); B. M. Jeputan, H.H.Metiman, 
WAH, 81, Ne 5 (1951). 2C.MaufeabOponrt, Matematuka, COopH. nep., 2, 3, 
1958. °C. Maugeab6ponkr, IIpumprkatoue pans, Peryiapusaina MociesoBaTeb- 
“octeli, [Ipumenenua, VWJI, 1955. 
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Jjokuanp Axayemunm nayr CCCP 
1959. Tom 129, Ne 4 


MATEMATHKAZ| 
A. JJ. PEPOHAMYC 


O NOPAAKE NPHBJIMDKEHUA TOCPEACTBOM 
WMHTEFPAJIA TYACCOHA 


(ITpedcmaeaeno axademukom C. H. Beprumetinom 16 VIT 1959) 
O6osHauum uepes f (9)€L(0, 27) KomMnueKcHosHauHy!o 2n-nepHosuyec- 


ee <byHKUHIO BeljecTBeHHoro aprymenta 9,0 <0< 2x. Pacecmorpum uutTerpas 
Ilyaccona 


At? 


on . 

, i lee 2 i 

F (re!*) = —\ F (8) P(r, 8—9) 48, Vaal Ce t) = 1—2rcost +r’ tacds (1) 
0 1 | 


H OWCHHM Pa3sHOCcTb 


1¢ 1 | 
A(r, 9) = F (re*) —F (9) = ge \ welt) Pr, ddt, r <1, (2) 
0 
rye Mbl MOJIOKHIN 


Wy (t) =f (p+ t) + f(e—2) — 2f 9). (3)) 


Ora sajaya Opa pemtena VW. II. Hatanconom(') B npeqmonomenuu, uTO 
cbyHkuua f (0) HempepbiBHa Ha BCeM oTpesxke [0, 27]; Mb paccmort- 
PHM JIOKaJIbHBIM aHavlor ero pe3yJIbTATOB. 

2. [IpennonoxwxumM cneppa, 4ro m@yuHKuua f(0) B TOUKe © Henpe-| 
PHBHa HAH UMECT PAa3PHB HENPePHBHOCTH NepBoro poga;| 
IpHMHMeM eH B STOH TOUKe 3HAUeEHHE | 


[@)= i++ fe—O) =*limife+)+fe—o. A 


B TakoM cyuyuae (byHKuHA 
Wo (8) = sup |@, (4) |, (5)} 
[t|<8 


aHawOrTHyHad MOyAW raagnkoctu dPyHKkuun f(8) B TouKe @,| 
HelpepbIBHa H paBHa HyJO B TOUKe 6 = 0. | 

Teopema 1. Ecau mouxa 9 makoea, umo Oaa HeKomopoeo y (O0<¥< “a 
cytuecmeyem UNnmeepan 


0 


(|we(d)|f-vd?, 6) 
mo npu fy <r <1 cnpasedaueo Hepaeercmeo 
ag sist, 


OW | <C(l—r)"\| we) [f+ dl, C= — ~(z)*- (7) 


4ro 


~l 
ho 
(or) 


B aacruocrn, ecu W.(8) << C8", O<a<1, To uurerpau (6) cyujecrByer 
AN 

WH y¥<a; ecnH we W.(d)<C,6 “(Ig =) , B>1, To on cymecTByeT npu 
= a. 

JfoKa3aTeJIbCTBO TEOPeMb! BLITeKAae€T H3 OYBMHbIX HePaBeHCTB 


{—2rcost-+PS(l—n?, 1— eros? ty? 


2 ? 


4rt? (8) 
L—2r cost er Sian) Gen Any 


meopema 2. lipy rer l cnpasednuea OUCHKA 


Asteete 
|A(r, eg) |<C, =, Co = 


EWM ola +21 Mh+ © 


Oe 6 onpedeanemca 6 3aeucumocmu om 1—r U3 ypaeHeHUun 
| 1—r? = 8 W, (8). (10) 


B uyacruocru, ecu W5)<Ci(lgz) pc male 8 is 8 oes) 8S 


| 1 \-8 

KS Celle) 

f Teopema 3. Ecau 
8 


|e @)1dé< 3%), (8) 1 0, (11) 


0 npu ro<r <1 cnpaeedauea oyenka 


JA, M<C(4). c= ELM irmlat er@+s, (12) 


de 8 onpedennemca 6 3aeucumocmu om 1—r us ypaeHeHUA 


1—r=8Vp(d). (13) 


Jina Woka3atesbcTBa TeopeM 2 u 3 pasOupaem HHTerpad (2) Ha Ba — m0 
joTpesKam [0, 6] u [6, t]; oleHHBaeM KaxkjbI M3 HX B 3aBMCHMOCTH OT 6 U4 
|l—r; nloub3yacb MpOv3BOJIbHOCTHIO 6, IpHpaBHHBaeM ek Ipyry 9TH OWeHKH, 
lorkyya monyuun (10), (13), a cneqoBatembHO, u (9), 

. Mbt HakjaypiBasm fo cHX Nop orpaHuyeHHe Ha noBeenne (pyHKUHu 
[(8) B ono TouKe ~ H B OeCKOHeEYHO MaJIOl ee OKpecTHOCTH; Oyjem 
efleph CUHTaTb W3BeECTHbIM ee MOBeeHHe HA HEKOTOPOM MHOXECTBE 
IEC [0, 2x], B yacTHOM culyyae Ha HEKOTOPOM BHYTPeHHeM OTpesKe [@, 3]. 
Teopema 4. JTycme Ha mxoocecmee E Cc [0, 2x] nonoscumenonoti mepol 
cywuecmeyem KoneiHana npouséeodnaa f’ (8) i et tie nycme gynkyus f (8) 
MOHOMOHHA Ha HeKOmOopom ompesKe [a, 8)). makom cayuae noumu Sn 
ecex PCE u Ona ro <r <1 umeem oyuenky 


a(i—r) (|e, (| 

DG) Vipera (120 dt. (14) 
0 

Jina WoKa3zaTebcTBa JOcTaTouHO 3aMeTuTb, 4uTO io Teopeme A. HU. [nec- 

cHepa (?) uatTerpau (6) cymecTByeT mouTH fia Bcex PCE npu y= 1; orcioga 


mo Teopeme | caegyer (14). 
127 


Teopema 5. ITycmbe dyxxyua f (8) nenpepoiena Ha ompesKe [a, B] C| 
< [0,2 x] c modynem nenpepoienocmu w(s). Tozda npu «a+e<o,p<p—e 
e>0, rp<r<1 cnpaeedauea oyexKa 


Ar, P<OsI—H +o(g—s) +Cof{I—ig—}, (15F 


npuuem Koncmanmot Cz, Cg He saeucam om eenu4un Tr, 0, >. 
Tak Kak BemuunHa 1—r mpu r—>1 crpemutTca kK Hyvto ObicTpee, yen 


za) Ke —r)lg os , TO MOXHO MOJOKUTb C; = 0. 


V3 sto TeOpeMbI JerKO MOMYYMTb COOTBETCTBYIOULYIO OWeCHKY AA aHadHy 
THYeCKUX CYHKUMH. | 
Teopema 6. JTycmo P (z) — aHaaumuueckaa dynxyuan kaacca Hye |z| <1} 
nycmb Ha Oyee [fe*, e®] ona umeemn HenpepoleHble epanudHole 3Ha4eHUs 
C€ mMOOYNeM HenpepoleHocmu 


@ (8) = sup | P (e+) — P (e*)|, a<0, O+h<B. (16)) 
|A|<d 
p 


B makom cay4wae Oana z= e?, 23 = re’, 20e at+e<o, b<B—s, e > OF 
ry <r <1 cnpaeedaueo nepaeexcmeo ) 


|P (ex) —P @)|<Cofjz—alle—sy} (7) 


20e KoNCmaHma C He 3ABUCUM OM BeEAULYUH Z, 2}. 

na WoKasaTeJIbcTBa Teopemb 5 Moub3yemcsa (1), pas3OuBaeM HHTerpad Hal 
upa—no [%, 8] H NO JOMOJIHHTeJIbHOMY MHOKeCTBY; BTOPOM H3 HHX OLeHH-| 
BaeM TaK %Ke, Kak B TeopeMe 2 (c 3aMeHOH 6 Ha &s); JIA OUeHKH NepBoro 
NOJIb8yeMCA HepaBeHCTBOM 


lF®) —F@)ISIF@)—F | +1F OQ —F I 

u pesyibtatamu VM. IT. Haraucona (*). . 
J\1a JoKa3aTeJIbcTBa TeopeMbl 6 JocTaTOUHO 3aMeTHTb, 4TO Mo (8) HMeeMy 
ee eG eA iPr ck heya |z—21|, 


OTKYla, MOIb3yACb CBOMCTBaMH (pyHKUMH w(d), HaxO.uM 


off —l¢7+}<ofje—alile +t, 


0(e—o) <G p= +1)o (za). 


Tloctynuaio 
25 VI 1959 


UWUTHPOBAHHAA JIMTEPATYPA 


‘WH. Il. Hataucou, JAH, 72, Nel (1950). * A. Surmyuga, Tpuronomerpu- | 
‘geckne pxgp, § 7, 6, M.—JI., 1939. 


Wornagn Akayemuu nayr CCCP 
1959. Tom 129, Ni 4 


MATEMATHKA 


A. Jl. 3AKPEBCKHM 


METO], CHHTE3A ®YHKUHOHAJIBHO YCTOHYUMBbIX 
ye ABTOMATOB 


(ITpedcmaeaeno akademuxom C. J]. Co6oaeecim 9 VII 1959) 


1, Tx. Heliman ('), E. Myp u K. Wesuon (7) u A. Mannen (*) npenso- 
KHIM MeTOJbI CHHTe€3a BbICOKOHaexKHbIX ABTOMATOB H3 MaJIOHAe2%KHBIX 9JIe- 
Me€HTOB, He3aBHCHMO [pyr OT Apyra coBepwalollux nepHowuyeckue OUMOKH. 
Pellad MOCTaBJIeCHHY!0 3allauy, STH MeTObI HE YYHTHIBAIOT 3ABUCHMOCTb Hajlexk- 
HOCTH 9JIEMCHTOB OT BPeMeHH MH MPHBOAAT K BeCbMa OOVIbUIOH U3ObITOUHOCTH 
STPYKTYPbl ABTOMATOB, YTO CHMKaeT NPaKTHYeCKy!O WeHHOCTb MeTOOB. 
BpicokaA HaexKHOCTb aBTOMATOB MO2XKeT ObITb OOecnedeHa 3aMeHOH 2/1IeMeH- 
MOB HJIH YacTeH aBTOMATA M10 Mepe BbIXOa UX U3 cTpOR. Ilycrb p; (t) — Bepoat- 
HHOCTb BbIXOJla W3 CTPOA Z SJIEMCHTOB 34 NPOMeKYyTOK BpeMeHH tT — MepHor 
mIPOBEPKHW VM BOCCTAHOBJICEHHA CTPyKTYpbI aBTomata. IIpu RocraTouHO MaJiOM 7 
}PeaIbHO BHINOJIHeHHeE YCJIOBHA 


> pt) <pr (2) <1 (1) 


$230.0 


WM BbICOKaA HaleXHOCTb ABTOMATOB OOeCHeYHBalOTCA MeTOJOM ycTpaHeHHA OJH- 
fHOUHbIX HeEMCMpaBHOCTel B CTPyKType aBTOMATA. 

|| Saflaua OokaiM3alMu OAMHOUHOH HeEHCMpaBHOCTH B MPOM3BOJIbHbIX KOHTAK- 
i HbIX CXeMax pellianacb VM. A. Uernc u C. B. A6n0Hckum (*) Meroyom AuarHoc- 
THYeCKOTO MPOrpaMMHPOBaHHA, MpelnoarawuluM coxpaHeHHe nHpopmMalluu oO 
(PYHKUMOHAJIbHBIX XapaKTePHCTHKaX MCMpaBHOH CXeMbl H O BOSMOKHBIX HX 
HapylWeHHAX IPH OAMHOUHBIX HeMCMpaBHOCTAX. 

2. IIpu mpoBeyeHHu aHaJIOrHH MexKAy aBTOMaTaMM HU JIMHHAMH CBA3H HaMH 
lObII MOJTyYeH M3sIaraeMbIM HW2Ke MeTO] CHHTe3a JIOTHYeECKUX CTPyKTYP, Cosep- 
bKaljux B cede MHPopMalHlo, MOCTATOUHy!O AWA MOKAJIM3aWMH OJMHOUHDbIX 
HeMCpaBHOcTeH, H, CJIe@§OBaTeIbHO, MX  YCTpaHeHHA, —MeTO CHHTe3a 
YHKUHOHAIbHO YCTOHUMBHIX AaBTOMATOB. 
| 3. CrpykTypy wWudposoro aBTOMaTa MOXHO MpefCTaBHTb JIOTHYeCKHM 
\(n, m)-MOJIOCHHKOM, YaCTb BbIXOJHbIX MOMIOCOB KOTOPOrO CBxA3aHa 3JIeMeHTaMH 
i3aylepxKKU C BXOJHbIMM MostocaMH (*). CBa3b BXOJHbIX H BbIXOJHbIX JBOHUHbIX 
IT@peMCHHBIX X; HU Y; MpefcTaBsseTcA CucTeMOH OyJeBbIX PyHKWMH 


9, =i %o» Nid > sath) j=l, Uy REG (2) 
KOTOPEI€ MOFYyT ObITh 3afaHbl CBOMMM 3HaveHHAMU fio, fir, fia, ---» COOTBET- 
CTBYIOUMMH HaOopaM 3HayeHHH = apryMeHTOB ; (0, 0, abe ao) em Cyt ces 20h ls 
(0,1,...,0),... B Moment ¢ uw 3HayeHMAMH fio, fj, fj2,.-- B MOMeHT / —t, 


Kora B (N, m)-MOJIOCHUKe, MO MpeANOJO*KeHHIO, NOBpexXJCHHA OTCYTCTBYIOT. 

fin fins TaK KaK 3a mpoMexyToK (¢—vt, f) MOxeT BbIHTH H3 CTpox OHH 
3yIeMeHT, MU, eCM Bce fj peauM3yIOTCH He3aBHCHMO, CJICCTBHeEM MOXKET 
ABUTbCA MCKaxKeHve He Ooslee YeEM OMHOK (byHKUMH (9TO BarkHOe Mmpesnowo- 
*KCHHE Mbl HCHOMD3YeM Ip MpoBeseHHU CJeLyIOWMX HMxKe MpeoOpasoBannii). 
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2 JAH, 7. 129, Ne 4 


Homep 93To PyHKUHH HW peaMsyrouleH ee CXeMbl MpeCTaBHM 3Ha¥eHHeM }) 
dyHKUHA 


MWA ape Oy 
a LY 1. 


KOTOPy!O pa3s1IOX%KHM Ha CHCTeMy OyJIeBbIX (PyHKUHH 


a(t) = 5 [Vg efy)| sor, §= 1, Bove (4) | 


yucna. OnepaTtop HecpaBHeHHs =— 3aMeHMM Ha ONepaTOp CJIOKEHHA MO MOJO 
pa @, onepatop & MOxKHO B JaHHOM CJlyyae 3aMeCHATb Ha OMepaTop @ HH | 
Ha onepatop \/. M3 (4) cuenyer 


2"-1-,m m : f i} 

as (2) = VV (ofr | a: ()) ®(@ fn-a(D)], i=1,2....8 Gam 

a UpH ycuoBuu 
if, tl) = 0,21, 2 pa dseaheOalageeee aly (6) ) 

j=1 } 


6yfeT cnpaBeIMBO 


ad) = 'V'[B fame = 1, 2,.--45 7) | 


T. €, HOMe€p HeHCMpaBHOH CXeMbI NpefcraBsseTcH Kak (YHKUMA TeKyuIMX | 
(PYHKUWMOHAJIbHBIX XapaKTepHCTHK (MN, m)-NOMOCHUKAs 
4. Ycuiopue (6) MO2xkHO YOBJIETBOPHTb, MOO2KUB 


ft, =O fe trl) bd, Se se ee ee (8) | 
j#2!1 ‘| 


oTKya cuetyetT 


o 


fect pO a) (9) 


j+2t—1 


T. €. BbIPasHB S OyweBbIX dyHKunH (s< logym—1) cucTempl (2) yepes | 
OCTaJIbHbIe, Ha KOTOPbie KaKMX-JIMOO OrpaHuyeHnhii He HakJaypiBaetca. PyHKuny f 
cucTeMbI (8) Ha30BeM H3O0bITOUHBIMH, OHH peasu3yIOTCA HapaBHe c npouwuME fh 
MpOW3BOJIbHBIMA (byHKUMAMM cucTembI (2). V36birounbie dyHKuMN, Oyny4n & 
oOaBJieHbI K JOCOH CucTeMe CysleBbIX (PyHKUMH, CooOMaloT cBOfcTBO yHKuH- | 
OHaJIbHOK YCTOHYMBOCTH Kak cCHCTemMe dyHKUM, Tak u ONHCbIBaeMOMYy eH | 
(n, m)-noJKCCHHKy. of 

IIpaktwyecKH MOKeT OKa3aTbCA OCTATOUHBIM MOMCK CXeMbI, BbIJarouleli | 
JOXKHbI OTBET B TeKyIHH MOMeHT BpemeHu. Homep takoli cxempl dz onpeye- | 
AACTCH COBOKYMHOCTbIO TEKYUMX 3HAYCHHM BbIXOJHbIX NMepeMeHHBIX f jp 


a (ds) = Omron), 1=1,2,..08 (10) | 


OueBu HO COOTHOIeHHe 


i (d) SN ,) een eee (11) 
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| 5. IIpu dukcupopanun HaSopos 3Ha4eHHit BXOHbIX NepeMeHHIX u3 NoOy- 
HHBIX pPe3YJIbTaTOB BbITeKkaeT KO X9OMMUHHTa (°) OOHapyKeHHA U MCNpaBsE- 
i OMMHOUHOM OWWHOKU B MOCJICIOBATeIbHOCTH JBOMUHbIX CHMBOJIOB. 

|| Yenosue (8) MOxXHO 3aMeHHTb yCJIOBHeM COXpaHeHusa wMHiopmanun, npex= 
|ABJIA€MOH COBOKYMHOCTbIO Bcex SHayeHHH (byHKuMi 


m , 
igre elit 2uareass Se (12)) 
/=1 


Moctrynutc 
8 VII 1959° 


UMTUPOBAHHAA JIMTEPATYPA 


i)? Tx. Heuman, C6cpH. Astomatsi, VMJI, 1956, crp. 682 E. F. Moore, 
HE. Shannon, J. Franklin Inst., 262, Ne 3, 191 (1956); 262, Ne 4, 281 (1956):. 
HW. Mullin, Comm. and Electronics, Ne 389, 606 (1958) 4H. A. Verue. 
HB. A6ao0ncKuHH, Tp. Matem. uncr. wm. B.A. Crexnopa, 51, 270 (1958); 
W. E. Ko6puuckuh, B.A. Tpaxteun6porm, C6opx. Jloruyeckue uccnefona— 
ieeiien. At CCCP, 1959; crip) (302795 ROW: Hamming, Bell’ Syst. techn: 2 
I} Ne 2, 147 (1950). 
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Jlokxnayn Akayemuu nwayx CCCP 
1959. Tom 129, Ne 4 4 


Ynen-Koppecnonzent AH CCCP JI. B. KAHTOPOBHHY wv JI. H. FOPbKOB 


O HEKOTOPbIX ®YHKUWHOHAJIDHbBIX YPABHEHHWAX, 
BOSHHKAFOWMX MPH AHAJIM3E OJHONPOAYKTOBON 
IKOHOMHYECKON MOJEJIN 


[lp w3y4eHun SKOHOMMYeCKUX ABJICHMH CyeCTBeHHY!O MOMOLIb MoxKer|p 
OKa3aTb aHasIM3 MAaTeMaTH4YeCKUX MOJeseH, NMOSBOJIAIOUIMX MPH YyMpoOuleHHlx 
YCOBHAX H3yYaTb paccMaTpHBaemoe ABeHHe. HuxKke OyyT yka3aHbl HeEKOTO-/f 
pple mpocrelilime MaTeMaTH4ecKHe MOJleIM, ONHCbIBalOlMe Mpolecc pocta oc-\) 
HOBHbIX (OHJOB WH NPOyKUWMu B OAHOMPOAyKTOBOM AHHaMMYeCcKOH MOJeIM pull 
ONTHMaJIbHOM JIaHe. J 

1. Ilycrs T(t) — pecypcbt Tpyqa B Moment f¢ (3aqaHHad (byHKUMA), a 
R(t) — OcHOBHbIe (OHAbI Ha MOoMeHT ¢. Bo3MOxXKHbIe IIPOMSBOACTBEHHBIe CNOCOOBIIE 
OyleM XapakTepu3oBaTb TexHONOrMYecKoli (yHKunelt U(R, T), KoTopasa naeTs 
KOJIMYeCTBO YuCTOrO Mpofykta, cosfaBaemoro Tpysom 7 npu ucnomb30BaHuHlp 
OCHOBHLIX (ousoB R B eJMHHLy BpeMeHH. iH 

OcraHoBumca Ha cTpyKType dyxHkuun U(R, T). EcrecrpeHHo cunuTaTee 
ee OHOPOAHOH *byHKUMeH; YYHTHIBAA STO yCJIOBHe, MOX%KHO dyHKuuIo U sanu-ff 


CcaTb B BHJTe 
n 


U(R,T) = es dp (a), () 


(0) 


PaCCMaTPHBaTb KaK COCTABJICHHOe 3 OTJEJIbHbIX «IIPOH3BOACTBEHHBIX AueeK»,} 
OTMMYAIOMUXCH PaSJIMYHDIM COOTHOMEHHEM 3aTpaT Tpya u CPOHAOB Ha npous-| 
BOJCTBO eAMHUUbI IPOAyKTa; B AYeliKe, OTBEYatOUleH NapaMeTpy a, npodyKuMAL 
papHa R¢‘T"—*, B fanbHetiiem eswaeM ecTecTBeHHOe Mmpeknoox*wenne, uTcl 
n=l. 
Vrak, pacnoviaraa B MOMeHT BpemeHu ¢ TpyJom T(t) u OcHOBHEIMH (bOHaMBIE, 
R(t), mpousBotuM B pacueTe Ha eAuHully Bpemenn U(R(t), T(t)) equHun nposyK- 
uuu. Umeetca B Buy, uTO dyHkuua U faer onTuMaJbHbIe cnoco6nl; B mpeno-| 
JIOXKCHHM JOMYCTHMOCTH HCHOb30BaHHA JIMHeMHEIX KOMOMHAaLM cnoco6oB 3STCe 
tpe6yeT BbINyKocTH KpuBbIxX U(R, 7) = const; qua nocmeqHero joctaTouno |) 
qToOnl (PyHKuuA p(a) B (1) Opa HeyOpiBatoulel. H 
Uactb npon3sBeseHHoli MmpOAyKUMM HanpaBaeTcH Ha NOTpeOeHue, a OCTAaB- 
iWaAcd YacTb Ha HakollJieHHe. PaccmoTpeHo Ba mpelnooxKeHHnaA: , 
a) norpeOleHHe MponopuMoHabHO pecypcam Tpya aT; Tora ypaBHeHue |) 
OMHCbIBaIOllee H3MCHEHHE OCHOBHBIX (POHOB, 3aMMWleTca B Bue } 
d 


AR _U(R(),T (0) —aT (0): (2 


| 
al 


6) HekoTopaa ous (1 — y) npodyKunu moTpeOusercs, a ocTaBlaaca yacTi i 


a 


B= (R(T (0). (3) 


Hanucanuve ypaBuenuit (2) u (3) cylecTBeHHO omMpaeTca Ha runoresy © 
HOBeEHHOH MpeBpalllaeMocTu (poHt0B H3 OMHOM CPOpMbI B APYryto, HMeHHO B TY, 
bTOpadA ABJIACTCH ONTHMAJIbHOM MPM HMeIOWEMCA COOTHOMIEHHU O6beMa (POHAOB 
_pecypcoB Tpya B JaHHbIli MoMeHT. 

2. YcnoxwKHMM MOJeb, CHUMad PHMOTesy MrHOBeHHOH mpeBpaujaemocTH 
OHJOB OHO cTpykKTypbI B Apyry1o. Byzem cuutatb, 4TO NponsBeseHHOEe BJIO- 
WieHHe MMeeT CPOK CuIyKObI w eT, B TEYEHHE KOTOPOFO OHO MOJIHOCTbIO H3Ha- 

TMBaeTCA, 

BpeyeM B paccmoTpeHne cbyHkunto v(t, t), KOTOpand jaer pacnpesesenne 
OHJOB MO CpoKy cu1yKObl B MOMeHT ¢, HMeHHO, r(t, t)dt O3HAYaeT HOMMHAb- 
1H OObEM (OHOB CO CpOKOM C1YKGbI OT t JO <4-de Ha MOMeHT ¢. Uepes m(t, t) 
SO3HauMM CBASAHHY10 C STUMH (pOHAamu pabo4ryio custy. Torga douyL, KOTOpHIe 
ib BKJIaybiBaeM B TeueHHe QIeMeHTa BpemeHu (¢,¢-+dt), OynyT r(t, O)dt. 
iH POHAbI ClaraioTca H3 AOMM MpoAyKuMH, Bae as Ha HakonJieHHe, H aMOpTH- 
AILMOHHBIX OTUHCIeHUE. 

Ilpogqykuuto, nowyyaemMyto Mpu uctoOub30BaHuM douoB r(t, t)dt, MOxKHO 
IPHHATh paBHOol 


U (*/ar (¢, t), mit, t)), dt dt 


 COOTBETCTBHH C (aKTHYeCCKHM pa3MepOM GOHAOB cpoKa CJIyKObI t B MO- 
#euT ¢ (3a BHIYeTOM aMopTH3auMH). Coa Halo MpHcoeqMHATb aMOpTH3allHOH- 


1 
‘bBIe OTUHCJCHHS, papuple —-r(t, t), TAaKKe HalpaBsAeMble Ha CO3aHve HOBbIX 


DOHTOB. (BnpoyeM, MoryT ObITh MpHHATEI HM Apyrve mpezmosowenuaA O Xapak- 
Hepe AMOPTH3ALMM VM MpOM3BOANTeJbHOCTH AMOPTH3HPOBaHHbIX (POHOB.) 
| «CyMMupys» MO BCeM cpoKaM cilyxO6bl Hu coKpamjaa Ha dt, noswyanM 


a a 
r(t, )=1\U Crile, t), m/(t,x))dz4+ {FE as, (4) 
0 0 
He ~— ona mpomyktuuu, wusyueH Ha HaKonseHne (3TO ypaBHeHHe coorTBeT- 
rTByeT cyly4aio 6) B paszeue 1). 
R(t)—nowHpla (bakTHyecKuH pasMep (oHOB K MoMmeHTy ¢ jaeTca cop- 
ysion 


R(t) = \= rit, Dae. (5) 


\m(t, )de=T (t). 


Ucxona w3 9KOHOMMYeCKOrTO cMbICIa (pyHkKWuH f(t, t), HYKHO CUMTaTb 
BHINOJIHEHHbIM yCJIOBHe 
r(¢t, t+ At) =r(t— At, 2), 


HJM, B quddepenuvasbyon dopme, 


Ona Or f 

a + a = (6) 
AHAJIOTHYUHO: 

Om , Om 

ot oT Ee ) 
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Vis (6) cnenyer, uro r(t, t)=r(t—t) (coxpaHaem mpexkHee oGosHaye | 
ue), a u3 (7) m(f, t) =m(¢—*). Yuntpwasa 970, (4) u (5) mepenmuyrey| 
ce yIouluM O6pasom: 
; ° t—?-7 
r(t) = 1\UChr(¢—>), m(¢—+)) de+ je ae, 
0 


0 


R 


R(t) =\ Serta ae. 


Ilogcrapaaa B (8) mpogudpepenunpoBanHoe (9), Nowy4yHM 


a 
= 1 \UChart—2), m—2) 
0 

3. PaccmorpuM Temepb HecKOJIbKO HHy10 cxemy. [ua sToro BBeZeM CII) 
uuyrouee MOHATHe. DOHALI HMeIOT CTPpyKTYpy UW, eCJIH Ha eCHHMILy Tpyza Mpr| 
XOMHTCH & @HHHI POHTOB, Tak uTO U=R/T (unHaye TroBops, CTPpyKTYp/F 
onpewesmseT OpraHHyeckoe CTpOeHHe KalHTava). | 

Ilyeth \(u) — cneKTp pacnpeyenenua Tpyya mo dboHaM, Tak 4To ) (uz) du —f 
WHCO eAHHHI paboveli CHIBI, CBA3AHHBIX C POHAMH CTPYKTypbl OT u By 
at + du; pu 9TOM | 


r (uw) du = ud (wu) du (ac 


smaeT 06beM OCHOBHDIX (OHZOB yKa3aHHOl cTpyKTypbl. Cpok cayxKOpl pono; 
‘TIPHHHMaeM O€CKOHCYHDIM— OHH He H3HallMBaoTcd (H He MpeoOpasyroTcs ay 

CocraBHM ypaBHeHHA, OMHCbIBaION[He CHeqyIoulMH mpouecc. BHOBb co3qem 
BaeMbIii MpOAyKT 3a BHIYeTOM AONH, HAyWeH Ha MoTpeOeHHe, HCMOJb3syeTC} 
AIA HOBbIX (POHAOB, YTO NOSBOJIAeT NOBBICHTh OpraHHyecKOe CTpoeHHe Kany 
Tala; Tpy AIH HOBBIX (POHTOB BbIAeNHeTCA 3a CYeT CHATHA HEKOTOpOrO 4H 
dia paOoratoutux Cc POHAOB caMOH HH3KOH OpraHHyecKoH cTpyKtTyppl. BpicBel 
OoOANBUINeECA TAaKHM OOpa3s0M (OHAbI OcTaloTcA B WabHeHWIeM, KaK mpaBHJl 
H€HCMOJIbSOBaHHBIMH. | 

Uncno padoraouluxX BO BCe MOMeHTHI BPpeMeHH MpeycTaBlseT coool 
Manny PYHKUHH, T. e. 

M (t) 
d(u) du = T (8), 


m (i) 


ege M (¢) u m(t)—rpanHubl H3MeHeHHA cTpyKTypbl uw B MoMeuT ¢. IlocKonEp) 
KY MOBbULeHHe OpraHHyeCcKOrO CTPOCHHA HET TOMbKO 3a CUeT BHOBb Coss 
BaeMoro MpOAyKTa (cTappie POHL MBI OCcTaBAeM), TO | 


M (2) i 
r(M)dM=y | U(r(w), dW) dude, (13) 


m (t) 


tye Y— AOA NpOAyKUMH, HAyueH Ha HakorVJenne. i 
[IpousBoquTetbHOCTh padoueli CHIE! MpH HaHHHSIWei opranuyecKoli crpysi 
wype Ha eHHHLY Tpya cocTaBHT 


U(r (m), A (m)) 


al 

K (mm) ; (Le) 

DhPextTusxocts OOaBAKeMOi eAHHHUBI padoyeii cumbI Ha BHOBb co3qaBael 
MBK oHAax i 
aU | 

oT’ (14) 
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B KayecTBe MepBoro apryMeHta cuJleqyeT B3ATb r(M)dM, a B KauyecTBe 


yoporo }(M)dM. Beuyy ognopoguoctu dyxkuna (14) 3aBucuT ToObKO OT 
|{HOWWMCHHA CBOMX apryMeHToB, T. e. oT M. 


| OueBu Ho, 4TO AOJ2KHO BbINOJIHATbCA PaBeHCTBO 


U (r (m), A (m)) oU 
en ee (15) 


OTO ypaBHeHve BBHAy OfHOpogHocTu U uocut areOpanyeckuli xapaKTep. 
au mpuusTh U(R,T) = R*T!—-*, ypapyenue (15) mpumer Buy 


m= PM, (16) 
ie B.= (1 —a)!le, 
‘| Taxum oOpa3om, cuCcTeMa ypaBHeHuli qua dynkuul A(u) u M(t) oxonya- 


PIbHO OyjeT 
M(t) 


\ h(u) du = T (0), 
r 


BM(t) 
(17) 
M(t) 
Md (M) 2 — x \ wh (u) du. 
yM(t) 


(vucTema ypaBHeHul (17) Tepaer cusy, ecm A(u) CTaHOBUTCA OTPUlaTebHSIM 

4. Bce HanucaHHbie udepeniuaibupie WH UMHTerpo-AuddpepenwuaJbuble 
paBHeHHA JoNycKaloT NoOWaroBoe Y4ucMeHHOe HHTerpupoBaHue. B KkarKJOM 
ieryyae MOTyT ObiTb HaliJleHbl pa3MUHbIe SKOHOMMYECKHE MOKAa3aTeH MOJeuM: 
(bileHka Tpyta OU/OT, HopMasbHasa adcbekTUBHOCTb KanuTasoBsoxKeHuli 0OU/OR, 
KPHBaa pocta OCHOBHbIX doHAoB A(t), u3MeHeHHe MPOH3BOAUTebHOCTH TPyda 
/R. ConoctaBJeHue 3TUX MOKAa3aTeseH NOZBOJIAeT H3YUaTb BJIMAHHE Pa3JIMUHbIX 
pakTopoB (mapaMeTpoB MOJeH) HM MPHHATHIX TunoTes Ha 3TH NMOKazaTeJN. 
|B uacrHocTu, MOXKHO BBECTH B MOJeJIb yueT TEXHUYeECKOFO Mporpecca u Uu3y- 
HHUTb CFO BJIMAHHe Ha 9KOHOMMYECKHe NOKa3saTemH. J]ia 9TOTO WoOcTaTOUHO 3a- 
MeHuTb (byHKunio U(R, T), ckaxkem, Ha e*U(R,T) B MepBom cayyae HM Ha 
bOOTBeTCTBYIOUHe H3MCHeHHbIe BbIPaxKeHHA B UByX [pyrux. 

| ConoctaBleHHe MOJeIH C JaHHbIMH peaJIbHOH SKOHOMM4eCKOH CHCTeMbIl 
OXKeT MO3BOJIUTb MO OJHUM MOKa3aTeJIAM TaKOM CHCTeMbI JesaTb OPHEHTHPOBOY- 
ple 3aKJIIOUCHHA O APyrux MoKa3aTeax. Ha Molen MOKET HCMBITLIBATbCA TOU- 
JHOCTb WH OOOCHOBAHHOCTbh Pa3JIMUHbIX MCTOJOB SKOHOMHYeCKOrO pacueTa. 


JleHuurpafcKoe orTyeleHHe Tloctynuso 
Matematuyeckoro HHCcTHTyTa uM. B. A. CTeksoBa 22 VIII 1959 
Axkaylemuu Hayk CCCP 
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Jloxxnangn Axkapemun nayrk CCCP 
1959. Tom 129, N 4 


A 


10. HW. HEAMAPK 


O HEKOTOPbIX CJIY4YAAX 3ABHCHMOCTH NEPHOAMYUECKHX 
JIBYKEHHA OT TIAPAMETPOB 


(IT pedcmaeneno axademuxom Jf. C. Moxmpseuneim 17 VII 1959) 


Budypkalluu nepvHoguueckux pellenuH aBTOHOMHOM cucTembl judpepexun- | 
QJIbHBIX YPaBHeHHii BTOporO NopAAKa JeTambHO M3yyeHbI B padorax (* 4) | 
A. A. Augponopa u E. A. Jleonrosuy. 

B wactosmel pa6oTe ycTaHaBluBaeTcaA pay Teopem O OucbypKalluax HeMO- | 
JBYXKHBIX TOUCK OTOOpaKeHHA, KOTOpble 3aTeM HCMONb3y!IOTCH WIA UcceqO- } 
BaHHA HeEKOTOPbIX, HE HMeIOMMX MeCTa Ha IJIOCKOCTH, CJIyYaeB PORCHES | 
MepHOAMYeCKUX ABHXKeEHHA OT Apyroro NepvHosMyecKorO JBH2Ke€HHA B MOMEHT | 
CMeHBI ero ycToiuuBocTu. CMeHa ycTOH4YHBOCTH nepHoguyeckoro BHxKeHHSA | 
MOXKeT MpOW30HTH WH Np MOABJIeHHH XapakTepHcTuYeCKOrO KOPHS, paBHOre | 
—1, un Mpv NoABNeHHM JBYX KOMIMJI€KCHO COMpAKeHHBIX KOpHeH e* H e—**, | 
Kpome Toro Moka3bIBaeTCA, YTO MPpHMeCHAeCMBIM B paOoTe METOJOM MOxXeT ObITH |} 
paccMOTpeH H y2Ke H3yUeHHbIM Cyyall pokTeHHA NepHOAMYeCKOrO [BHXKeHHA 
OT COCTOAHUA paBHOBecHA THMa CO*KHOrO oKyca *. 

1. Pacemorpenue nepBoro cJlyyad onupaeTca Ha CJlefyroulyio Teopemy (°). | 

Teopema 1. /7ycmb saeucaiwee om napamempa w Oocmamounoe 4Uucaso | 
pas nHenpepoleno Oudgbdbeperyupyemoe moueunoe omobpaocenue T npu ww, Onus- | 
KUX K HYAO, OonycKaem Henodeusnyto mouky M*(u), Komopaa npu w<O0 
ycmotiuuea, a npu w>O0 Keycmotiuuea, npuuem Hapyiwenue ycmoiiuueocmu 
npu w=O0 npoucxodum u3-3a noseAcHuA Y xXapaKmepucmu4ecKoeoO YpaeHeHUA 
KOpHsA, paeHoeo —1. Toeda 6 3aéeucuMOCMU OM 3HAKA BEAULMUKOL Yo, HAXOOU- 
Mou no mouwerHoMy OmoOpasceHuIo T npu w=O0, 3adaeaemomy 6 OKpecmno- 
CMU HenOodsUHcHOll MOUKU C MOXHOCMbIO OO BeAULUH uemeepmoezo nopAdKA mMa- 
AOCMU, BO3MODCEH OOUH U3 CACOYIOWWUX OBYyxX CAYUaAEB: 

a) ecCAu By >O0, mo Henodeusxcnan mouxa M* (uv) omo6pastenua T npu 
wu = 0 neycmotiuuea, u npu eospacmaHuu wu Oo HYyAA Cc mouKxott M* (uw) cauea- 
romcn O6ee OsyKpamuHole Heycmotiuueble HenodsudCHole mouKu “* M)(¥) u Mj (vp); 

6) ecau Zo <0, mo HenodeuscHan mouka M*(u) omo6pascenun T npu 
u=0 ycmotiuuea, u npu Bo3pacmaHuUu w OM HYAA U3 HenodeUdNOLL mouKU 
M* (uw) poocdaromca O6e OeyKpamnole ycmotiuueole Henodguonole mouKu My} (v) 
wu M) (i). 

B ciyyae 6) cymectByeT (ukcHpoBaHHas oKkpecTHoctb Touku M*(0) u | 
Takoe Yo > 0, uTo npu |p| <po BCe TOUKH STO OKpecTHOCTH, KpoMe TOUKH 
M*(u), pa MHOrOKpaTHOM IpHMedeHud OTOOpaxKenua 7 acumnToTuyeckH MpH- 
OMKaloTCA HOO K TOUKaM M (u) M; (4), ecu uw >O0, mH60 K ToUKe 
M* (vp), ecm p< 0. 


mi Pow enne MpeZebHOrO UMKa OT C1O2%KHOTO PoKyca paccMoTpeHo B paborax (1.3.4), Tpex- 
MepHBI Clyyal MeTogom A, Ilyankape uccneqoBaH B paG6ote A. ®.Jleontbena. Kak crao u3Bec?- 
HO aBTOpy Mocue HaNHCaHHA HACTOAIMeH paOcTl, YCNOBUA poxAeHMA NepHOAMYeCKOTO ABHKEHUS 
B OOleM -MepzoMm cuyyae Nonyyenbt H. H. Bpywiaunckoi (He ony61HKoBaxo). 


** ToukH M; u MS pa3sHUHbI H TM, = M;, a TM, = Mi. 
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| 2. Tlyctrs I'—nepwoguyeckoe aBHMxKeHHe Mepvoya t aBTOHOMHOM HH He— 
JBTOHOMHOM CHCTeMbI WudPepeHMaIbHbIX ypaBHeHHt C AOCTAaTOUHO riayqKuMH, 
4aBMCALIMMM OT NapamMeTpa wu TpaBbiMH yacTAMu, wu S— runepmocKocTh- 
|} (a3OBOM TIPOCTpaHCTBe, OPTOrOHaIbHO Nepecekaiomasn I’ B touxe M*. Da- 
OBbIe TpaeKTOPHH B OKpecTHOCcTH TOUKH M" onpeyenstoT TOYeUHOe OTOOpaxke- 
jue T runepnuockoctu S Bp ce6a. Touka M* apnsaerca HeNOBHXKHOH TOUKON. 
TOTO OTOOpaxkeHuA, MPpHYeM KOPHH 2 XapakTepucTMYeCKOrO ypaBHeHHA OTO- 
Ubpaxenusa T 8B Touke M* cpa3aHbl C Tak Ha3bIBaeMbIMH XapakTepucTH- 
H€CKUMH NOKa3aTeJIAMH p MepHoyquyueckoro ABuxKeHua I’ cooTHomeHuem (°) 
=t Ing. 

Hlonyctum, uro mp w=O0 ofMH u3 KopHei z, pasenh —l1, a ocraybuble: 
O MOAyJIO MeHbUIe eMHHUbI, MpHyeM pH Bospactanuu p | z2,| Bospacraer. 
orga, corjacHoTeopéme’ | u cBasu (°°), cymecTByiomleH Mexay oTOOpaxe- 
Huem 7 uu @as0BbIMH TpaeKTOpHAmMu B oOKpecrHocTu I’, mpHxoqNM K cueLyWO- 
eMy BbIBO]Y: 
|) Teopema 2. Ecau Oaa mouernoeo omobpasenua T npu u=0 6eau- 
HuHA Po > 0, mo nepuoduueckoe Oeuscenue T npu p= 0 neycmotiuueo u npu 
WBOspacmanuu % OO HYAA C HUM CAUeaeMCA HeEyCmotiuueoe NepucdU4ecKoe OBu- 
yiceHue, UMeroLce 6 MOMEHIN CAUAHUA Nepuod 2t, ede t—nepuod I’ npu p = 0; 
Wanpomue, EcCAu Qo <.0, mo npu pw=0 nepuoduueckoe Oeuscenue T ycmotiuueo: 
npu eospacmanuu w om HYAA nepuoduuecKkoe Oeuocenue I’ cmanoeumca He- 
WCMOUUU6LIM, HO OM He2O pooscdaemca ycmotiuuece nepuoduuecKkoe OBuoreHue 
iL 0eoenno20 nepuooa. 
| YuacToK rpaHHibl OONacTH ycToliunMBocTH MepHoguyeckoro ABMxKeHHA I’, 
JoTBeuaroulnli NepBOH BO3MOXKHOCTH, CJleqyeT Ha3BaTb OMAaCHbIM, a BTOPpOH — 
HOe3onacHbIM, MOCKOJIbKO B MepBOM cylygae pH MaJIOM HapylwieHHu ycToHun- 
HBOCTH (a3OBble TOUKH, OulM3sKue K I’, yxOAAT K HEKOTOPOMY HOBOMY 93JI@MCH- 
Ty IIpHTA2KeHHA, He CJIMBalollemyca c TI’ npu w—>O0, a Bo BTOPOM 9STOT HOBbIM 
HOJEMeHT IIpHTAXKCHHA BOSHMKaeT M3 MepHosuyeckoro ABHxKeHHA I’ B MOMeHT 
HHapylleHHa ero yCTOHYHBOCTH, TpHyem da30Bble TOUKH, MOCTATOUHO 6H3KHeE 
4K I’, nocne HapylweHua ero ycTOHyMBocTH OCTaloTCA B OKpecTHocTH I’, KoTO- 
\jpaa upu w—O crarnpaetca KT. 

3. PaccmoTpeHue cJleqyloulero Cilyyad omupaeTca Ha TeopeMy: 

_ Teopema 3. I//ycmo 3aeucauwee om napamempa yw Oocmamo4uHoe 4UuCAO 
(pas HenpepoleHo Oudbqddepenuupyemoe omobOpaocenue npu w, OAUBKUX K HYAIO, 
(Oonyckaem Henodeuxcnyto mouxy M* (pn), Komopan npu w<O ycmotiuuea, a 
inpu w>O Heycmotiuuea, npuyem Hapyiuenue ycmotiaueocmu npoucxodum uUs-3a 
NOABACHUA Y XAPAKMePUCMULECKO2O YPABHEHUA O6YX KOMNACKCHO CONPAICENHOLX 


|Kopnett ef u e—*?, Toeda 6 3Q6UCUMOCINU OM BHAKA BCAUYMUHOL Ly, HAxXoOUmoti 
‘no é6enuuuHam OO “emeepmoed nNOopAOKa Manocmu 6 PAaBAOIKEHUU MmoKeUHOeO- 
omobpancenun T npu »p=O0 6 pad 6 OKPeCMHocmU HEnodsuMHOU MOUKU, 603- 
| MOdCeH OOUH U3 CAEOYIOUUX OBYyXx CAYyUaAes: 
| a) CCAU Bo <0, mo HenodeuscHan mouxa M*(u) omobpaocenun T npu 
(p= 0 neycmotiuuea u npu 6bo3spacmanuu w Oo HyAan c mouxott M* (uw) cau- 
(eaemcA UHeAapuaHmMHaA Oe6ymMepHaA Heycmotiuueaa 3aMKNYyMaA KpuEAaA ‘x (KL); 
| 6) ecau Zo <0, mo nenodeuxcnan mouxa M* (uw) omobpascenun T npu 
u = 0 ycmoliuuea unpu eospacmanuu pp om HyAAUZHEnodeuocnHotL mouku M" (2) 
pomOaemca ycmotiuuean unEeAapuanmHan OGYMEPHAA B3AaMKHYMAA KpUuEaA {* (\2). 
TIpu stom B oGoux caryyanx uncno Bpamenua IlyanKape (1%, 1?) roueunoro 
oTOOpaxKeHua KPHBOH 4*(u) B ceOa, Mopoxsaemoro oToOpaxenvem 7, lp 
CMAN y*(u) C Hemo_BHxKHO TouKOH M* (yu) crpemutca K ¢/ 2. Bo Bropom 
cnyyae pH HEKOTOPOM JOCTaTOYHO MaJIOM fo > 0 nv OC U< po cyllecTByeT 
OKpecTHOCTh HeMOLBHXxKHOH TouKn M* (vw), Bce TOUKM KOTOpOH (Kpome TouKH M") 
Mp MHOrOKpaTHOM IIpuMeHeHHH mpeocOpas0BaHuaA T HeorpaHHyeHHO mpHOun- 
«aloTcA K ¥*(u). B cumy sToro yyacTOK rpaHHUb! OOacTH ycTOH4MBOcTH, 
OTBeyalOllMH BTOpOMy cyYalo, CJleqyeT Ha3BaTb Ces0nacHbIM, a NepBomy, 
NOCKOJbKO pH wu = 0 Heno_BuxKHaA TOUKA HeyCTOMYMBa, OMACHbIM. 


Wf 
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U3 teopempt 3 nu u3BeCTHO cBA3H MexKy TOYeUHbIM oTOOpaxennem 1’) 
runepnockoctu S, nepecekatouleli KpuByro I’, H (as0BbIMM KPHBbIMH, OJIM3- 
Kumn K I, cylenyer ) i 

Teopema 4. Ecau 02a moueunoeo omobpascenua T npu p=0 eeau- W 
4uUHa By >0, mo nepuocduueckoe Oeuscenue T. 6 Kpumuueckom cay4ae OByXx \ 
4UCMO MHUMbLX CONPAIKCHHOLX XAPAaKmepucmuuecKUx noKasamenel ip u — iP} 
Heycmoli4ueo, UW Npu Bo3pacmanuUu pW. OO HYAA C HUM CaUsaemcA Heycmouuu- 
Bblli O@yMepHolii Mop, COCMaBAeHHOLi U3 Ghas06.lx mpaeKmopul Cc 4UCAOM 6epa- ¥ 


wenua Ilyankape 6 MoMeHm CaunHUA, pasHoelm o/2n. Ecau oe go< 0, mo | 
npu =O nepuoduueckoe Oeuscenue I ycmotiuueo u npu eospacmanuu om } 
HyAn om das0eot samKHymol Kpueoli I. ompoocdaemca ycmotiuuean Oeymep- } 
HAA MOPOUOaAbHAA NnosepXHOCMb, COoCcmoAtUAA U3 HPas06lxX mpaekmopuu Cc 4UC- | 
nom epawenus ITyanKape 6 MOMeNM poocdeHUA, paeHeLMmM o/ 2n. | 

4. Ilycrb cucrema pucepeHinabublx ypaBHeHHH C OCTaTOUHO rilaqKUuMH 
3aBHCAILMMU OT MapaMeTpa w MpaBbIMH YacCTHMH OMyCcKaeT COCTOAHWe PaBHO- p 
BeCHA, B OKPeCTHOCTH KOTOpOrO ee MOXKHO 3alWCcaTb B BHJe 


dx. 
- = hi (1) x2 + Dy Gain (Uw) Xj%e + D) Gijes (U)-xjXeXs + ++ - (1) # 


Oomee pelieHve ypaBHeHua (1) B OKpecTHOCTH COCTOAHHA PpaBHOBeCHA C 
TOUHOCTbIO JO BeJIMYHH YeTBeEPTOTO MOpAAKa MaJIOCTH OTHOCHTeJIbHO HauaJib- 
HbIX 3HAYCHHH X19, X29,-- +, Xno PASOBbIX TEPCMCHHbIX Xj, X2,..-, X_, MOKHO 
mpejcTaBUTb B Buse 


Xi = Xeit + ») Aijr (t) XjoXr0 + sy Aijrs (t) XjoXroXso + ++ - (2) 


Jlerko 3aMeTHTb, 4¥TO ecmM Red; <0 ana i=3,4,...,n, To BCAKaA cha- 
30Bad TpaeKTOPHA, HavMHaloWlancA B JOCTaTOUHO MaJIOH OKPeCTHOCTH COcTOR- 
Hii paBHOBeCHA HM He NOKHalollad Mp BospacTaHuHn ¢ oOsacTH 


[%9 |? +] xa |? +--+ [Xn l? > 6 (laa | xa?) (0 SO), (3) 


ACMMNTOTHYeCKH CTPeMHTCA K COCTOAHMIO paBHoBecua. C pyro cTopoHbl, 
MmpH Ay =o+iw uv dh, =o—iw, The o HM W JeHCTBUTeIbHbI U w=-0, BcAKaA 
a3s0Band TpaeKTOPHA, HauMHalOWaAcA B JOCTATOUHO MaJIOH OKPeCTHOCTH CoO- 
CTOAHHA paBHoBecuaA B TOUKe M (x, X2,.--, Xn), NemalleH BHe OOmacTH (3) 
Ha THmMepmocKocTH x,-+%,=—0, Yyepes npoMexyTOK BpeMeHH 1, O”M3KHH 
K t/@, BHOBb nepeceueT PHMepNMOCKOCTh X,-++ X2= 0 B ToOUKe M (x, <0. oe Xaye 


mpwyem sta Touka M Oyyet, Kak u TOUKa M, NexaT BHe OOmacTu (3), ecu 
o > max (Rek3, Redy,..., RedAn). B cumy storo paccmoTpeHue mpopeyenua 
(asoBblX TpaeKTOPHH B OKPeCTHOCTH COCTOAHHA paBHoBecHaA mpu t—>+ oo 
CBOAMTCH K H3yYeHHIoO TOYeYHOrO oOTOOpaxkeHua 7, MepeBogauero ToUKy 
M (x1, X2,-++, %n) B TOUKY M (x1, X%2,-.-, Xn). Mol 'HaleM ypaBHeHHa, CBA- 
3piBalolve KOOpAMHaTH! ToueK M u M, ecu B (2) BMecto ¢ noscTaBuM t, 
rye BpeMA t ABHxKeHHA CPasoBoH TOUKH oT M kK M wHaxoyqurca Kak HaHMeHb- 
WIM MOJOKUTeIbHBIM KOpeHb YpaBHeHHA xX, + X, = 0. 

Ilyctb Tenepb npH w=0 o=0 u o BospacraeT BMecTe c uw. Y oro6pa- 
«KeHun T mpu =O oun xapakTepucTuyeckul KOpeHb papen —l, a ocTasb- 
Hble MO MOMYJIO MeHbille efuHuubI. IIpumMenaad tTenepb K oTOOpaxenuio T 
TeopemMy 1 H H3BeCTHbI€ TeEOPeMbI O CBA3H MexK]y HENOABYXKHBIMA TOUKAaMH 
M MepHOAMYeCKHMM JBUKeHHAMH (°°), TIpHxXOMHM K CJlefyrouleH Teopeme: 

Teopema 5. Ecau eeauuuna gy Orn omobpascenun T npu »—=0 noao- 
HCUMeNbHA, MO CcOCmoAKUe paeHosecuAa cucmemol (1) npu p.=O0 Neycmotiuueo 
uC IMUM COCMOAKUEM pabHosecuA Npu CMpemAeHUU BW K HYAIO, 6O3pacmaa, 
caueaemca Heycmoliuueoce nepuoduueckoe Oeustenue Cc nepuodom 6 MOMeHM Cau- 
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AHUA, pagHblm 2n/w; eCAU HE yo <0, mo npu w~=O0 cocmoaHue pasHosecua 
YCMOU4U6O U NpU e6ospacmaHUU w% OM HYAA U3 COCMOAKUA paeHoBecuA podt - 
daemcA ycmotiuueoe nepuoduueckoe OsusceHue C NepuocdomM 6 MOMeNM 603HUK- 
HOBCHUA, paBHoim 2n/. 

Ormetum, 4TO cilyyalt y > 0 coorBercTByeT Tak Ha3bIBaemol onacHoli (!°) 
rpaHulle, a clyya gy << 0— Oe30macHol rpanulle oOacTH ycTrowuMBocTH Co- 
| CTOAHHA paBHOBecuaA. 


TopbkoscKui HccmeqoBaTebCKHit Tlocrynusio 
(PH3HKO-TeXHHYeCKHIt MHCTHTYT 16 VII 1959 
npx TopbKoBcKoM rocyJapcTBeHHOM yHHBepcuTeTe 
um. H. VY. Jlo6auesckoro 
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Jlokxaayn Akagemun wnayx CCCP 
1959. Tom 129, Ne 4 


MATEMATHKA | 


B. 1. NAJIAMOJIOB 


OB YCJIOBHAX HA BECKOHEYHOCTH, OBECHEUMBAIOUINX 
KOPPEKTHYIO PA3PELUMMOCTb HEKOTOPOFO KJIACCA YPABHEHHH 


a0 
BUA p(ix)u =f 
(IT pedcmaenexo akademuxom H. I. Tlempoeckum 380 VI 1959) 


1. Tlyctb p(s) = p (S1,..+, Sn) — MHOFOWNeH OT MH KOMMJICKCHBIX TlepeMeH- 
HBIX Sj = 9;-+ it;, l<j<n, He OOpamaroujuiica B HYJb Ha HeKOTOPOM MO- 


Jioce 
{a} Sb} set) ty Oey tpl (ly f 


PpacNOsJIOKeHHOK BAO WeHCTBHTENbHOrO MHOrOOOpa3suA. Orcioma culenyer, 4TO, | 
ecu : 


p(S1,- +++ Sn) = aol] 181 — 2; (52, -- Sa) ls 
TO oe 
| Inn 2pi(sgh cg ho,,)| 205) Lee 


Zia Toro uToCbl NpescTaBuTb MHOroWNIeH p(s) B TaKOM BUse, OcTaTOUHO, 
yTOObI ero KOS(*PPUIUMEHT MPH CTaplieH creneHu CI OTMMYeH OT HyA,— 9TO- 
TO Bcera MOKHO OONTECA, CeMaB HEKOTOPHIN BPeWleCcTEeHHBIi NOEOpOT 
(cM., HanpuMep, (7), crp. 134). Orctona caefyet, ur0 B nosoce |t1|< 6/2 


p(S\, Sa, 2.2) On) | [ts — 2; (aa ae: 
j=1 


>| aol Tta— lenz; (on3 oe on)} | D> Bo. 
j=1 


_OueHuM MpousBosHble *PyHKuMH 1/p(s) no nepeMeHHoi s,; B NpoH3BOmb- 
HOU-TOUKE “oy, 6p =" (So,,- - =, San) 
Oe 4 
ds4 P (So) 


q! ds 


2ri p(s) (ss. — 61)9 12 
|Si—901|=0/2 


b\—9 
<b (>) G| AB 


AHaJIOTH4HEIM CMOCOOOM, OWCHHB BCe OCTAaJIbHbIe MpOHSBOAHBIe, yOexkaem- 
CA B CIpaBeWIMBOCTH HepaBeHCTBa: 


du. Oe 4 RI A9 q 
ID nek < AyBoq", rae Di = 
2. B fambHelilem v3v10%KeHUM HCHOsb3yloTesA MpocrpanctBa Tuna S, ompe- 
AeNeHHA KOTOpbIX H HeOOXOJMMbIe HaM CBOMCTBa MOMKHO HaliTn B (), ru. 4. 
Ilyers byHkuna > npnnannexuT S°, nHbimn copamu (cm. (}), cTp. 206) 


q 
Zee cre 


af 
Ost eaiOsen ‘ (2) 


OlleHHM MpousBosHble cbyHKunH }/p Ha elicTBHTe/JIbHOM MHOrooOpa3uu 


< Zable 


| . &. >/p mpunagnexut S'. Ilepexoga x mpeodpasopanuio Pypbe, nomyyum 
iF [Ses oTkyga (cm. (4), erp. 205) 


rn | aI—ly 
00%! 


toe 


<2 CLGeBT 'A,Biy <= C, Big’, 


=0 


als 


F[f]l<orm, o>0 ° 


las: =O) Z 
3. Temepb nycTb onepatop pli a runoswiuntTHyecKHH. B 9TOM cwyuae 


‘Teopema Xépmanyepa © ) rlacHT, ¥TO, ECM ABHTaTbcA MO MHorooOpasHto p(s) 
2 2 2 2 
Jax, uTo6nr Vo? +...+ 62-00, To obasatembHo V+... + 2% 00. 


‘Vs sroro caenyet, uro MHorounen p(s) yOBmeTROpseT ycuoBHto (1) BHe He- 
KOTOPOH orpaHuyeHHOH oOOsacTu G. IIpennomoxuM eule, YTO MHOroWleH p (s) 
|He oOpallaeTca B HyYJIb MIpH BellleCTBeHHOM Ss (T. e. MIpH BelLeCTBeHHbIX 
$1,-.., S,). Tora ACHO, 4TO S3TOT MHOTOWIeH OyTeT yAOBMETBOPATb YCJIOBHIO 
MB OOslacTH G (MOxeT ObiTb ¢ mpyrou# Kouctanton 6). Utax, runoaanunru- 
yecKHH MHorowieH p(s), He OOpaljaiouluica B HYJIb MpH BeUeCTBeHHOM S, 
YAosseTBopsAeT ycsloButo (1). 

PaccMoTpHM HekoTOpoe (dyHaMeHTaIbHoe pelieHue @ Ja oneparopa 
pli =). Ilo u3sBecTHOH TeopeMe o cpefHeM (cM., Hampymep, (*)) BHe oKpe- 
| €THOCTH HauaJla KOOPAMHAaT CMpaBeIMBO PpaBeHCTBO 


6 =p(i sz) —a18s8, 


aye «€S)—HekoTopad (byHkuua, paBHad | B oKpecTHocTH TouKH x =O u 
_ papuaa O BHe HeKOTOpOM Coble OKpecTHocTH TOUKH x = 0. Tak Kak MHO- 
roweH p(s) rumossvIMnTHYecKHH, s000e (yHLaMeHTa/IbHOe PellleHHe JIA one- 


patopa p(iz) ecTb OObIUHad CYHKUMA, OecKoHeuHO udpepenuupyemaa 
BHe Hayasla KOOpAuHAaT, NosTOMy (PyHKWHA 


e=p (iz ey Ul—alg 


MpwHalnexut mpoctpauctsy Spy. Orcioya cieqyer, uTO K (byHKunH >= 
= F"[(} @ S® mpumMenumbl paccyxqenua M1. 2. 


1 
Tlon0*xuM g=F|—|, rae dyHKuHoHua > eel MHTerpHpoBaHue Cc 


a 


yHKuHen raciee.t jleHcTBUTeIbHOMY MHOrooOpa3uio. IloxcTraBuM 9TO 3Haye- 


Hue (pyHKWHOHata € B TeopeMy O CpeHeM: 


(8 =p(i sz) [1-28 +8 =9%8= elias 


BHe OKpecTHOCTH Havama KoopAuHaT. Orciogqa HM M3 HepaBeHcTBa (3) cileqyerT 
Teopema 1. /Tycms p(s) — eunosnaunmuveckud MHo204AeH, He OOpatyato- 


Co) 
dyulicA 6 HYAb Npu eetyrcm32eHHoM Ss. Toeda JAA on2pamopa p (i5 x) eyuycem- 
éyem dyndamenmanonoe pewenue 6, npedcmasumoe 6 6eude 


6=O+E, 
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20e D— dynkyuonan, cocpedomovenHelll 6 OKpecmNOcmuU MOUKU xX = 0; @ 
E = E (x) —xenpepolenan dynkyun, yOosremsopsoujaa ouenke 


| B(x) | Cee Fle | Gee, 0. LG) 


4, Ilycrb cHoBa p (Ss) —NpOn3BOJIbHbIM MHOFOWIEH, YOBJIETBOPAIOMMH yc- . | 


nopuio (1). PaccmorpuM c.lyualt ofHOro He3aBHCHMoroO MepeMeHHOPO. 
Muoroysex p(s) (s?-+ 02) Toxe yfoBneTBopseT ycsopuio, (1), a Tak Kak’ 


(pyHKWHA p(s) Crpannuena cBepxy (cM. HepaBeHcTgo (2)), DyHKUMA FOU 


CyMMUpyeMa, CJleMOBaTeJIbHO, CyLecTByeT ee npeoOpasoBanue Pypte: 


F pao |= |e 


B cuny Teopempr Koum nuTerpHpopakve MO2%xKHO MpOBOLHTb M0 sooo 
mpamoh t= c, |c|<b—s, napasviebHOH JeHCTBUTebHOW OCH: 


4 ef (o+it)x 2. elk 
F lat ml— laa Cr ae Faces (ern ye 


IIpHueM CXOMHMOCTb MHTerpasia, CTOMMero cCMpaBa, MOKasbIBaeTCA AaHaJIOTMYHO 
TOMY, KaK JOKa3bIBaJlaCb CXOJMMOCTb HMHTerpasia B IIpebIfylleM paBeHCTBE; ° 
HeETPyHO BHeTb erO paBHOMepHylo OrpaHuyeHHOcTb mo x. Ilozcrapiaa B 3TO- 
papeHcTBo t= b—e nu t= —(b—s) HW COMOCTAaBJIAA, MOY4MM OLeHKy: 


IE (=| Fl aay li eta 


S) (s? + 5?) 
Orcroja 


‘cies s? + b? & \ ae 
[ol =" lomeaey [7 (a) EO 
re Po (s) —MuHorouneH 2-H cTeneHH. 


B cayyae MHOrHX MepeMeHHbIX AaHaJIOTHYHO JoOKasblBaeTCA 
Teopema 2. Ilycmo p(s)— mHoeounen yOoenemeopsaroujutt ycaoeuto (1). 


Toeda OAA onepamopa p( i =) cywecmeyem GbynHOameHmaarbHoe peulenue, nped- 
cmaeumoe 6 Bude | 


8 =m (iz)E), 


20e dynkyusn E (x) yoOoeremeopaem ouenxe (4), A Po — MHO2O4NeN Cmenenu 2n. 
5. [lepetiem K OTbICKaHMIO YCJIOBHH Ha OecKOHeyHOCTH, OGecneuMBaIOWNx 
KOPPCKTHY!O Pa3pelIHMOCTb [WIA ypaBHeHna 


30 
p(iz)u=f. (5) 
Teopema 3. IIycme p(s)— eunoaanunmuyeckull mHoeo4unenH, He obpa- 


UjaIOLUULICA 6 HY AL NpUu OeticmeumeabHom s u F [f] npuxHadaexcum L,. Toeda 


@ Kaacce E°(p) dynKkyud, ydoeremeopsiowux npu nekomopom &>O° nHe- 
paecucmey 


| u(x) |< Cele! 1, 


ypaenenue (5) umeem eOuncméeHHoe peiulenue 6 OOOCOUIEHHOM CmbICAe. 
Jloka3saTembceTBo. CymectTBoBaHue. PaccmoTpuM cBepTtky u = 

= é«f, Tae 6— yHfamentambHoe pelleHve AA OMepaTopa, BbIGpaHHoe c 

MNOMOMbIO Teopembl 1. M3 ycjoBua B CHmy HepaBeHcTBa (2) cylemyeT BKsHOUe-- 


HHe a €L,, HO 


[Be = e 
PLFA) — ppp F418) = Bf. 
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Orciofa cnenyeT, uTO u=@xf ecTb orpaHuyeHHad (byHKuMaA. DyuKuus 
(eCTb pellienHe ypaBHeHua (5), Tak Kak 


506) 5 @ 
p (ti a )U=Plis)e*f =6«f=f. 
WYILECTBOBaHHe JOKa3aHo. 


: EnuuctTBenuocrTp. Ilycth Mbl umMeem ype cbyHKUMH u,E€E(p) u 
€£°(p), yqoBmeTBopsiouMe ypaBHeHuio (5); Tora, ecCIH VU =UuUy— Us, TO 


On 
p ( i ax) v=0. 
V3 TeopeMbl O cpeqHeM, MpHMeHeHHOM kK (byHKUHH J, 
iG) 
v= vx p(i x) a8 
melyer, 4To 


aK Kak (yHKUMA p( i =) —a]é OecKkoneyHO AuMpepenHuupyema. Orcioja 
MAHO, YTO BCe MpPOH3BOAHbIe PYHKUHH V TOKe NpuHaweKaT Kslaccy E°(p). 
_ Paccmorpum npoctpaxctBo E(p) GecKoHeyHO yuddepeHuupyemblx dyHK- 
)MM, SajaHHbIX Ha BCel MOCKOCTH HM BMeCTe CO BC€MH CBOHMH Mpou3Bo]- 
DIMM TIpWHaiexamux Kaccy E°(p). Kak Mbi ToubKO 4¥TO MoKasgasu, Vv € E(p). 
Jajee, Kak yTBepxjlaeT Teopema 1, MbI MoxKeM HaliTH (byHaMeHTaJIbHOe pe- 


eHHE JIA ONepaTopa p (i =) KOTOPOe MpefcTaBUuMO B BHJe 
6=E(x)+9, 


'TH Ha mpoctpauctBo EF (p), Tak KaK Ha 9TO MpOCTpaHCTBO MO%KHO Mpoyou- 
KUTb OGa tbyHkuMOoHaa E(x) uv OW. Tlostomy Mbl MoxKeM paccMoTpeTb BBI- 


=O R 
(p (i 5) 8 U ) ==, Ui 2=00 (0). 
| C apyrou cropout, 

mi XO) 10) 
(p(is,)8, 0) =(& p(iz)e )=@0) =0, 

oTKyga v(0) = 0. IIpopeya To xe paccy2xeHHe Ja mMpousBombHOrO cyBHra 
tbyHkunu v(x), nouyuuM u(x)=0, 4To H foKasbIBaeT TeOpemy. 

AuvasIOrH4uHO oKa3biBaeTcA 

Teopema 4. J]ycmbo p(s)—npouséeoAonolii mnozo4nen, yOoenemeopsio- 
uit ycaoeuto (1) u npeoOpasoeanua Pypoe dynkyuu f u ecex ee npouseod- 
1oix Oo nopx0Ka h=m-+ 2n npunadsencam Ly. Toeda @ Kaacce E"(p) dyxK- 


uti, OONAOaHOLUUX NpoUuseoOHbImu OOo nopAOKa h, Komopole npu HeKomopom 
> 0 yoosremeopsAtom Hepaeencmeam 


Dt |< Ceepres a1, Git) etre, 
ypaenenue (5) umeern eOuNcméeHHoe peuleHue 6 OObIUHOM CMbIC IE. 


SameTHM, YTO YCJIOBHA, HasoxKeHHble Ha (yHKuMIO f B Teopemax 3 u 4, 
3aBeOMO BBINOHAIOTCA, ecmH f eCTb (HHMTHAA HU MOCTAaTOUHO IvilayKas 


PyHKWUA. 
Astop Onarogaput IT. E. Wlunopa 3a noawepaxky HM BHHMaHHe kK paoore. 
Tloctynusio 
26 VI 1959 
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Jloxaagm Axkapemun nayr CCCP 
1959. Tom 129, Ni 4 


4 
i 


q 


r. 7]. CYBOPOB 


TEOPEMA O MOCJIEQOBATEJIBHOCTAX TOMOJIOTHUECKHX 
OTOBPA)KEHUWA OBJIACTEH, MPHMHAJJIEKALIMX KOMMAKTAM 


(ITpedcmaeacno axademuxom M. A. Jlaepenmoesoim 8 VII 1959) 


B 3aMeTKe MIpHBOAUTCA KpaTKOe JOKa3aTeIbCTBO TeEOPeMBl, MOKasbIBatouled, } 
4TO KJlaccH¥ecKoe B TeEOPHH aHasHTHYeCKUX (yHKUMH MOHATHe CXOMMOCTH) 
MIOCKUX O6IacTeH K AApy CoxpaHAeT JO USBeCTHOH CTeMeHH CBOe 3HaYeHHe 
WM JIA WUpOKOrO KsJlacca TOMOJOrMYeCKUX OTOOpaxeHHH OOsIacCTeH N-MePHbIxX 
SBKJIMLOBbIX MIpOCTpaHCTB HM JaxKe vin oTOOpaxenui oOJlacTeH, MpHHasiexa- 
IMX TIpOH3BOJIbHbIM KOMMaKTaM. | 

1°. Ilycrb (X, p) — KOMMaKTHOe MeTpH4eCKoe MpoOcTpaHcTBO (Cc MeTpHKOH p) ¥ 
u {An}, n=1, 2,...,—MocieqoBaTebHOCTh OO/lacTeH B 9TOM MIpocTpaH-@ 
cTBe, COJepxKallux (puKcHpoBaHHylo TouKy oO. TlonaTHe Apa MU CxXOAMMOCTH K} 
AMpy NOcMeLOBaTeJIbHOCTH OGslacTeli B TAKOM MpOCcTpaHCTBe BBOJUTCH Tak Ke, | 
Kak HW B CJIyyae MIOCKHX OOsacTeH. Ecum cyuecTByeT ccbepa c WeHTpOM 0, 
mpHHayviexkaulad BceM A, (“mH BCeM A,, HAaYHHAA Cc HeKOTOpOrO 7), TO Hai} 
JeTca HanOoulbuiad o6nacTtb A,o, OONaatoulad TeM CBOMCTBOM, 4TO wH6aag | 
Touka x@ A, BMecTe C HEKOTOPOH CBOeH OKpeCTHOCTbIO OyfeT TpuHaexKaTb | 
Beem A, mpu n>N *. Tak onpefenenuyio o6nacTb A, OyeM Ha3bIBaTb 
AMpOM mMocsleloBaTewbHOcTH {A,} OTHOCHTeJIbHO TOUKH O (CTyYall HeEBbIPOK- | 
jeHHoro sAjipa). Hakoneu, mocseqoBatTewbHocTh {A,} Ha3bIBaeTCH CXOALLeH- § 
ca K Spy Ao, ecm smOOad ee GeCKOHEYHAA MOMMOCMeOBATeMbHOCTb MMeEeT | 
aApomM Ag (OTHOCHTeJIbHO TOUKH 0) **. 

2°. JiemMa |. H3 ecakoli OeckonexHolti nocraedosamerbHocmu obaacmeti 
{An} Komnakma, codepxcatuux cabepy p(X,0) < po, MOX#HO U36Ne4’ NOoONOCAe- } 
OosamenbHocmb, CxOOALUYIOCA K HeeblpowcdeHHomy AOpYy Ab. 

Jloka3aTebCTBO MOXKeT ObITb MpOBeeHO TaK %Xe, Kak 9TO CeaHO B (?) 
etp. 97—98, Ana csyyaA MoceOBaTeJbHOCTH MJIOCKUX OGuacTel. 

3°. JIemMa 2. ITycmo {T,(x)}, n=1, 2,...,—nocnredoeamensnocmb 
mononoeut CKUX omobpaxenutt ob2zacmu A Komnaxma (X, 9) 6Komnakm(Y, r),' 
paeHomepHo cxodsiuaaca enympu A*** K omoOpaocenuto T (x). Ecau {Tp} — 
cucmema paéeHocmeneHXHo OmKpolmblx omobpascenuu ****, mo T — monoaoeu- 
4ecKkoe OmoOpascenue obaacmu A. | 


r) 


* HanOonbulad o61acTb 30eCb MOHMMaeTCA B TOM CMBICIe, UTO OHA COLepxKHT 06yI0 Tpy- 
ry! oOlacTb, OO1aqaloulyt0 TeM 2Ke CBOlcTBOM. TaKasd OG6sacTb B (X,o ) naiimetca. JlelictBuTenb- 
HO, B MpOTHBHOM CJly¥aeM MbI HalieM BIOMHe yYMOpAAOYeHHYIO MOHOTOHHY! cucTemy cO.lacTelt 
B (X,o), coep2KauluxX Haimy cepy,KoTopad mo Teopeme Bapa cogepxKuT He Gonee cueTHOrO 
MHOMKECTBA Pa3s/IMYHBIX OONacTeH. Torya cyMMa BCeX TaKHX CGaacTeH GyJeT cBa3Ha (“60 nepe- 
ceweHwe HX He MycTO), a MoTOMy OyfeT OOMacTbIO. Sta OGMaCTh HM ABAACTCA MCKOMOH, BONpeKH 
TIpeANO102%KeHHIO. 

** Cyopa KOTHOCHTebHO TOUKH 0» MbI GyeM OMycKaTb, CCH 3TO He MOXKeT NpuBecTH 
K Heqopa3symMeHHio. 

*** Te. Ha KaXKJOM 3aMKHYTOM mHOxwecTBe FC A. 
*eee Te, oOMaqaiomlMx cBolicTBOM’ AA KaxkKJoH Touku x G@A u mo6oro e>O0 naiinet- 
cA Takoe 6 (x,€) >0, 4TO O6pas €-oKpecTHOCTH TOUKH xX Np KaKAOM oOTOOpaxeHuH 
T,, NOKpbiBaeT 8-oKpecTHOCTh TOUKH y, =T,, (x) (cm. (*), cTp. 152). 
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B AOKAZATEJIbCTBE HYMaeTCH TOJIbKO yTBepxWenhe: JVWA JIOOBIX TOUeK 


IM X2EA, xy X2, OyneT T (xy) T (x2). Oto nerKo MoKasprBaetca pac- 
KJCHHEM OT MPOTHBHOrO. ’ . 
4°. Teopema. Paccmampueaemca nocaedosamenbnocmb obaacmeti {A,}, 
= 1, 2,..., Komnaxma (X, p), umerujan Heeolposcdennoe AOPO. omnocumend- 
mouku 0, U nocaedoeamenoHocmb {Tn (x)} mononoeuueckux omobpaoenuti 
hacmett A, Ha o62acmu B, Komnakma (Y, r), Tn(o)=0'7,n=1, 2,..., 
Imopele yOoeneméopsuom ete YyCAOBUAM: 

a) omo6pascenun sr06oti nodnocredogamenbnocmu {T~} C {Tn} (coomeem- 


| , yas = 

gsenHo, {T~ } Cc {T;,}) paenocmenexHo omKpolmel 6 Ape omnocumenoHo 
uKU O (coomeemcméeHHO, OMHOCUMeAbHO mouKu oO’) * asamoti nodnocaedoea- 
AbHocmu **: 

=1 

| 6) omo6pascenua {T~} (coomeemcmeenHo, {T~}) paenocmenenno nenpe- 
(@HOL BHYMpPU ADPA (OMHOCUMeAbHO 0) NocaedoeamenvHocmu {A~} (coomsBem- 
HHO, 6BHYMpu AOpa (OMHOCUMeABHO 0’) NccAedosamenoHocmu {B~x}). 

| n 

| ITpu amux ycaosusx mostHo onpedeaumb nocaedosamenbHocmb YeAblx 4U- 
Ih {Pn} makyto, 4mo: 

| &) {Ap,} cxodumca Kak K AOpY K O6aacmu Ag; 

B) {Bp,} cxodumcs Kak K sOpy K o6aacmu Bo ; 

1) nocredoeamenoHocmb {Tp} cxodumca paenomepHo enympu A, K mono- 


HeudeCKOMY OMmOOparKeHUro T o6aacmu A>, xa Bo; 
|} 0) nocaedoeamenbHocmo {T a cxoOumcsa paeHomepHo exympu By x T. 
‘ nh 


Jlokxa3ateabcTsBo. A. [lomp3ysicb memmMohi 1, BplOepem monocuezo- 
| a {n'} Cc {n} Tak, 4TOObI MoceqoBaTembHOCTH {Ay} u {By} cxo- 
WIMCb KaK K ALpy K OOsactim A, u By cooTBeTCTBeHHO. 

Kak H BCAKOe OTKPbITOe MHOXKeCTBO MeTPH4ecKOrO NpocTpakcTsBa, OO6acTb 
(a o6sacTb By) ecTb MHOxecTBO Tuna Fz. Ilostomy cyllecTByeT mocsie- 
DBaTesbHocTb {Fz}, R= 1, 2,..., 3aMKHYTHIX MHOxKecTB FyC Ao, FyC 
[F,C..., Takaa, uto Ap= U Fz. AnanorvyHo OepeM NocJieqOBaTesbHOCTb 
| k 


iMKHYTbIX MHO2KECTB 


Ae, rma eat gi DR ae Bona ee, 


Oro6paxeHuaA nocuienoBatembHocteH {T, }, {774} paBHocTeleHHO Herpe- 


IBHbI BHYTpH A, H Bo, COOTBETCTBEHHO, HW, OYeBHAHO, PaBHOMepHO orpa- 
4yeHbI B 9THX OOACTAX. 

| BpiOpacpipan us {7} Te OTOOpaxKeHHA, KOTOpPble He oMmpeyeseHbl Ha Fe 
Te, 4A KOTOPBIX Ty He onpemeseHbt Ha Fy, Mbl 43 OCT@BLIHXCA, HCHOJIb- 
A aHaslor Teopembl AplesiaA vA MO JeOBATeNbHOCTH HeMpepbIBHBIX OTOOpa- 
oe KOMMaKTOB, CMOX%KeEM BbIOpaTh MOAMOcMepoOBaTeNbHOCTh {T,(1)}, PaBHO- 


epHo cxofaulyioca Ha Fy u Takyto, ¥To {T,1)} TakxKe “PpaBHOMepHO CxOAUTCA 


a Fi. Sarem u3{7T,(v} Bbl6epem nognocseqoBatembHocTh {7T,(2)}, paBHOMepHO 
xonamyioca Ha Fy WM Takylo, 4YTO {TV} paBHOMepHO cxoguTca Ha Fo, 


1, 
Ilycrs {T'p,} — AuaronambHat NOCNeAOBATebHOCTH [JIA MOCTPOeCHHOrO Ta- 


HM croco6oM cueTHOrO MHOxecTBa MoceoBaTebHOcTeH {Tn}, i= 1,2,... 
lo lemme 2 mocsleqoBaTesbHOCTh {7p} OyeT PAaBHOMEPHO CXOAMTbCA BHYTPH 


* ro 3HaunT, TO B Kak Ol No_OGsacTH sToro Apa (coxepxauleli 0), 3aMbIKaHHe -KOTOpOu 
\MHALEKUT APY, CBOHCTBOM paBHOCTeNeHHOHK OTKPbITOCTH OyayT o6lafaTb Te OTOOpaxenus, 
TOPhIe OMpeeeHb! B STOW moyzo6sactTH. 

** Wg sToro ycnoBua AA {Tn} CuleAyeT, OVCBHLHO, HEBbIPOMACHHOCTH spa (OTHOCHTeIbHO 
4kKH Oo’) MocmeqoBaTeIbHOCTH {Bn}, a CeMO“ATEbHO, U mi060l ee NOAMOCMeLOBAaTebHOCTH, 
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ai MN 
A, K TomonoruyecKoMy oToOpaxennto T, a nocseqoBaTenbHOcTb {777} Oy/| 


PpaBHOMepHO CXOgHTECA BHYTPH By K TONONOPHYeCKOMY oTOOpaxkeHHto 
Ocraerca moKa3aTb, uTo 7 (A,) = Bor uw TO T= T gael Siw a ; 

B. Ilyctp T(A,) = By. Puxcupyem MPOW3BONbHO TOUKY y"é Bo 4 MOI) 
aumM x° = T71(y*). Bpi6epem e-oKpecTHOCcTb w(X",&) TOUKH xX TaK, YTO( I 
u(x*,e)C Ap. Torga, HaywHad c HeKOTOporO f, oTro6paxenuan Tp, Oya |i 
ompefeseHbl B u(x*,€) H OOpasbl STOH OKPeCTHOCTH NIpH OoTOOpaxkeHuAx T| 
coflep2KaT HeKOTOPbIe y-OKPeCTHOCTH U (Yn, Q) TOYEK Yn = Tp, (x). \ 

Tloxaxem, uro npu n> WN Bee u (Yn, 4) COMep%KaT OKPeCTHOCTh u(y’, 2h | 
IIpennouarad MpoTHBHOEe, HalijeM MOceOBaTeMbHOCTb {Yn’} TOUK yreu(y’, n/° 


TaKy!O, 4YTO F (Yn, Yr) > 7/2 pu Beex n’, Torga r (Yn', Yn’) ST (Yn, y’) ‘} 
+r(y", Yn). Ho r(yv, y*) 0 np n’—>oo u r(y’, Yn) < 7/2. TMostomy § 
r (Yn’, Yn’) < 7/2 npn n>WN. Ilonyunan mporupopeyne. 

Virax, u(y", 4/2) Cu(yn, yn) C By, pu n>N. CnregopatenbHo, BCAKER 


* oe aa) 

TouKa o6sacTH By > 0’ BMecTe C HeKOTOPOH OKPeCTHOCTbIO MpHHas Jere 
. s 

Bcem B,,, HawHHad C HeKOTOpOrO 71. Orctoja cenyeT, 4TO By C Bo. 


1 i } 

AvasOrudHO C HCNOMb3OBaHHeM yCIOBUA a) Teopembl Aa {Tp} MOoKaxKkenh 

* * ‘i 

yTo ecu t(By) = Ap, TO. Ao GS Ao. 


Ilyctb Tenepb y°€ By. BpiGepem okpecTHocTb u(y",s), u(y",e) C By i] 
TOUKH Y,Gu(y",e) Tak, YTOOb] F (Yn, y')—O npw n—oo. Haunnaa c HeKCy 


HO, HempeppipyHo *. [losTOMy TOUKH Xp, = Tan (Yn) OYAYT CXOAUTECH K X* = t(y",) 
mpuyem x°@ A, no mnpesbiqyujemy. BpiOupad renepb oKpecrHocTs u(x", &)} 


te 


u(x", &) C Ao, W TOUKH Xn EU (x", &), p (Xn, x) > 0, MBI ONATD NOWyyUM Tp, (Xn) —h 
—> T (x‘), T (x*) = y’. Cnegosatenbuo, y°€ Bo, T. e. By C By, 4, YUMTBIBA' | 
BKJIOWeHHe Bo C By, nonyyum By = By. 

AuajoruyHo JoKasbiBaeTca, uTo A, = Ap. TlonyTHo MbI y6exqaemca u | 
TOM, 4T0 t= 71. Teopema foKasana. 

SamewaHue. Hcnomb3oBpanue ycioBaa a) Teopembl B yacTH B joKa3a) 
TEJbCTBA H€ ABIACTCH OOASZATEIbHBIM, TO Kpalineli Mepe fA ciyyaax OTO6) 
paxkeHHA SBKJIMOBbIX MpoctpaucTs. Jlia Hux ROKasaTenbcTBO YacTH B moxe’! 
ObITb MpOBeeHO TOJIBKO Ha OCHOBe yCNOBMA 6) Halleii TeopeMp! (c HcMOmb3O0 
BaHueM Oosee TOHKOFO TonOsOrHyecKoro ammapata). CneqoBaTeIbHO, B TaKON 
culydae YCOBKE a) HY2KHO TOJbKO JIA WOKasaTeMbCTBa “OMHONMCTHOCTHY mMpe: 
e/IbHEIX OTOOParKeHHli H MOXKeT ObITh 3aMCHeHO JIOOKIM JpyrHM ycsIOBYeM. 
OOeCHeYMBalOWIHM NoceqHee OOCTOATEIbCTBO. 


TomMcKHH rocyapcTBeHHbIli yHuBepcuterT Hocty nso 
um. B. B. KyiOpnuesa : 2 VIP 1959 


UHMTHPOBAHHAS! JIMTEPATYPA 


1 J. Lelong-Ferrand, Représentation conforme et transformations a inté | 
de Dirichlet bornée, Paris, 1955. 2 A. U. Ilona K, YcM. MaTeM. HayK, 11, p. 4(70) 14 
(1956). ® K. Kapateogopu, Koutopmuoe oTro6paxenue, M.— JI., 1934. 


3 5 
Onpejetenve HenpeppiBHol cxomumocru HeENPePbIBHBIX OTOOPaxkeHHH KOMMAKTOB H; 
SaMKHYTOM MHOMKeCTBE WaeTCA Tak Ke, KaK B MNOCKOM cwlyyae. JloKasaTembCTBO 3KBURA 
J€HTHOCTH TOHATHH PaBHOMePHOH H HeMPepbIBHOH CXOAMMOCTH Ha TaKOM MHOKeCcTRE TaKkxK 
AHaOTH4HO COOTBETCTBYIONEMY MOKa3aTeAbCTBY AIA 3TOTO cay 
yiaa (cM., Hanpu 3 
crp. 70, 75, 126). eahaegiopiach peeing 2° 
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Joxxagn Akagemuu nayrx CCCP 
1959. Tom 129, Ne 4 


MATEMATHKA 


M. JI. WETJIMH 


O HEKOTOPbIX CBOHCTBAX KOHEUHbIX FPA®OB B CBA3K 
C 3AQAUEH O MEPEBO3KAX 


(ITpedcmaeneno akxedemuxom M. B, Keadouuem 18 VII 1959) 


j 

|  SaMeTKa MOCBALIEHA BbIACHEHHIO HEKOTOPbIX 9JIEMEHTApHbIX CBOMCTB KOe 
} | HedHBIx rpaow HW CBA3H HX C 3afayaMM COCTABJIEHHA MMHMMAJIbHbIX I1laHOB 
sMepeposoK. Paj, MCHOuIbSyeMbIX TEPMHHOB HM ONpeeeHHH 3aMMCTBOBAH 43 (1,2). 
1. PaccmaTpuBaxt TOJIbKO CBA3HbIE rpadbl, Ha30BeM paccTOAHHeEM 
Wr (A:, Aj) Mexny BepumHamu rpados A; 4 A MMHHMaNbHOe 4uCIO pebep B 
T1yTH, COCMHHAIONIeM 9TH BepliMHEI. Bepwimun A; u A; Has0BeM COCeHE- 
)Mu, ecan r(A;, Aj) =1 (7. e. ecu 9TH BEpLIHHb! ABAIOTCA KOHUaMH OAHOrO 
ypeOpa). Tlonoxum r(A;, A;) = 0. 

Hasopem BecOM Py, BepwHHb! A; yCO 


n 


Pa,= 31 (An A), | (1 


j=1 


rie n — 4ncIO BepliMH rpada (ero MOM HOCTb). Ha3opem fayiee WEHT POM 
‘| rpada Bepuinny CE (A,,...,An) Takylo, 4TO 


Po = mit (x,,.61.. 913 A,,)- (2) 


Pe6po Ha3biBaeTCA WUKJHUYCCKHM, eCJIM ero yanenne (6e€3 BepllHH) 
He HapylaeT cBa3HocTH rpada. pad, we cofepxamu Wuksmueckux pebep, 
‘Ha3piBaeTca epeBom. JIio6oi cBa3HbIM nozrpa epeBa TakxKe sABAeTCA 
Mepepom. pad, coyepxkamui wuksmyeckne peOpa, HasbipaeTcA Tpagmom c 
“WHK amu. 
| Teopema 1. Jlepeeo wemxou mownocmu umeem ne bonee Oeyx Yyenmpoe. 
| Mepeso neremnoti mownocmu umeem 6 mounocmu odUH Yyenmp. 
Jloka3atesbCTBO TEOpeMbl OCHOBAHO Ha CJlefyromeM 3aMeuanuH. Ilyctb A; u 
A;— Be cocefHve BeplHHb! Jepepa D, (HHeKC y CHMBOJIa JepeBa HJ 
_Tpacba oGo3HayaeT ero MoulHOcTE). IIpu yRaneHHH COeMMHAOMerO UX pe6pa 


L,; nepepo D, pacnayaetca na nopnzepepbaA Dp, A; M Dp, Aj. Ecam Pa, u 
Pa ; CYTb COOTBETCTBEHHO BeCa BeplIMH A; nu A; B Bepese D,; TO ny + fe = A, 
cA Pa; = f,— hh. 

Hasopem pajee BECOM rpada yucIO 


Q=) Pa, (3) 
Flycrp T; — uncno pe6ep yepepa Dz, yasleHHve KOTOpbIX MIPHBOAMT K BbIqe” 
| * 
JeHWIO Nosrpata MOLMHOCTH i<lz 


* CumBosiom [a] o603HaY¥eHa WeaA 4aCTb YHCIA A. 7 
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Teopema 2. 


Fe 


Popmysa (4) culexyeT M3 TOrO OOCTOATebCTBA, UTO TOUKA, JeKallai Ha pac- 
CTOAHHU j OT WeHTpa, BXOJUT B j MOAMepeBbesB, Momyyarouluxca U3 Dy, USbATHEM 
omuHoro pedpa. Popmyvia (5) MoxeT OblTb MOMyYeHa, ECM 3aMeTHTb, 4YTO TIPU 
W3bATHH OLHOro peOpa u3 D, MoxerT 6pith oOpasoBaHo j(n— J) Map ToueK, 
MO OHO HU3 KaxkOrO OOpa30BaBleroca MpH ITOM MOM WepesBa. 

V3 Treopempl 2 cyleqyior HepaBeHCTBa 


Po< St <2Pe. (6) 
3amMeTHM elle, 4TO 9TH HepaBeHCTBA MMeIOT MeCTO HM AIA rpacoB c WHMK- 
laMu, Jia KoTOpbIxX TeopemMpl | Hu 2 He UMeIOT MeCTAa. 

2. PacnonoxKuM B BeplinHax rpada G, Wemble wuca gi,...,Gn- Uucno gq; 
HagoBeM Harpy3KOH BepwuHb A;, a Hadop q=—(q1,-.--, Gn) HasO0BeM 
Harpy3skonw rpada G,. Ha3opem 9eMeHTAapHOH NepeBo3sKonu 
Hepexoh oT Harpy3KH q=(1,...,9i,---,9k,---»4n) K Harpy3Ke q’ = 


='(i 2. og Gi — 1, Gk I,. sols ANG re A; “4 A,—coceqHHe BepLIHHEl; 
HHbIMH CJIOBaMH, 2JIEMeHTapHOM MepeBo3KOH Ha3blBaeTCA MepeMeuleHve eMHHY- 
HoH Harpy3KH m0 peOpy rpada.- 

OueBuyHO, 4TO ecMH q = (41,--.,9n) H P= (P1,---, Pn) — WBe Harpy3ku 
rpada u ecu 


n n 
>; Ga >; Pas 
a=] a=] 


TO Harpy3Ka q MOKeT ObITb NepeBeyena B Harpy3Ky p MpHMeHeHHeM KOHeEYHOrO 
WHCJIa IIeMeHTapHBIX MepeBo30K. KoMOnHalHio 2/IeMeCHTapHbIxX MepeBo30K, Mepe- 
BOLAMYIO Harpy3ky q B Harpy3Ky p, Ha30BeM I1laHOM MepeBO30K NO 
rpaby Gr, a YHCIO JJICMCHTapHbIX MepeBo30K B JaHHOM MlaHe —ero We HOH. 
[{inaH MHHUMaIbHOM WeHbI Ha30BeEM MHHUMAJIbHDIM. 

n 


He orpanuuuBadt OOMHOCTH 3aauH, MOXKHO CUMTaTb, 4TO >} 92 = 0 u 


a=1 
Pi = Po =---=Pn=O0. Tlostomy manee mpl GyeM paccMaTpUuBaTb MaHbl 
Me€peBo30K JIHIb STOO TuMHAa. 
~ TInaw nepeso30k ompeyemseTca yKa3aHHeM duce x;, (i=—R) amemenTap- 
HbIX epeBO3OK 0 peOpamM /, rpada B TOM HJM HHOM HallpaBJieHuu (X;~p = —Xx2). 
Gucna Xj JOUKHbI YAOBMeETBOPATbh ypaBHeHuAM 


Si Xie = 40, (7) 
k 


a [Jl MHMHAMaJIbHOrO IJlaHa MepeBO30K JOUKeH MOCTHraTbca MHHUMYM Bbipa- 
2KCHHA ; 


(Vee >) | Xie 


i<k 


. - 8 


J\na Aepesbes 3agaua cocTaBJieHda MMHUMaJIbHOrO Mada MepeBo30K nMpo- 
cta. Ilycrb pe6po lj, pasqenaet gepeso D, Ha mBa nomnepepa Dn, A; 
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n. Ag, UpHyem pepesy Da, NpHHannexatT Bepwiunb A;,..., Ai,» 4 AepeBy 


Dn, — BePIUMHbI Aj,,.--,Ajn, Torga n+ ng =n WY MMBMMabHbIit _liaH Tepes 
fsox onpejlemsetTca dopmysamn 


my Nz 
SD iain wes (9) 

a=] a=] 
|| Hasopem Harpy3sky NOOK UTeEAbHON, ecm n3 Un- 
Cel Gi,---5 Qn AMIUb OHO 4NCJIO g;, OTPHUAaTebHO. 
| QGosHayvm @ cpesHIOIO LeHY MMHMMAJIbHBIX TulaHOB 
INepeBosOK WIA BCeX pacnpezenenuh yncen gy,.--,n; 
i ous NOJOKUTebHYy!O Harpysky, Mo BepllMHaM -Pue. 4 
pada G,. O6osHayum M cpenHioio eHy MHHMMaJIbHbIX 
11laHOB MepeBO3OK JIA BCeX TaKHX pacnpefeueHHH YNCe gy,..., Gn MO Bep- 


imam rpada, B KOTOPbIX Harpy3ka q;, pacNOJlOwKeHa B ero WeHTpe. Vimetot 
NMeCTG COOTHOIMEHHA 


ari | Q : 
Db reper) SAT (10) 
itd, 
ae Pe a 
av DE (11) 


l#io 


3. Jina rpadow c UMKJIaMH 3afaua COCTaBJICEHHA MMHMMAJIbHOrO MuJlaHa 
‘| MepeBo30k cyiomKHee. Mb ykaxKeM 3]lecb aJIrOpHTM JIA cocTaBeHHA Takoro 
|| WlaHa, OTJMYAICUIHCA OT MpefowKenHoro paHee JI. B. Kanropospnyuem x 
'|M. K. Tapypuupi (°). 

4 Jiemma 1. Iycmo 


Day... (*) = 2 |aj— *| 


j=1 


|u nycme a)*> a;, >... > 4;,. Borpascenue da,,...,a,(%) Oocmueaem munumyma 
‘| npu 6oInoAHeHUU YCACBUA 


irnyy) 2X Stn yoy: (12) 
es a) 
Jlemma 2. Paccmcmpum yuka, m. e. epagd, umewuuti eepuwunot Ayj,... 
wy An C HQ2pyskamMu qy,...,9n U COcCOUHAWUMU BmuU BepuiuHoL pebpamu 
bie, les, .--lny (Cm. puc. 1). B cocmeemcmeuu c ycaceuem (7) nozcocum 


eet | 
X= "M1 — x, Xosl="qiit{qe— Xye-. 
Ne xn—1n= Get se Ora — 1, %n = —~. 


Munumaaonoiti naan nepeeosok peaausyemca npu eolbope x CoenacHo Aemme }, 
NPUYEM Ay= Gy, Ae= Git Yoseeey Una = Yate Ina, An = 0. 
Ilycrb uncna %;., 3afalollHe Miah NepeBosoK NO WKY, COBNMafaiwT c YNC- 
| nam b1,...,0n; bibeS...>bn. Wan nepeBosok No WHKJy Ha3biBaeTCA Mp a- 
BUAbHBIM, eCCJIH HMeWOT MeCTO HepaBeHCTBa 


Oe | POS Dagny. (13) 


2 
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3ameuaunue. V3 memo | u 2 crelyer, YTO MAHHMAJIbHbIM Man mepe- 
BO30K MO WHKsy BCera MOXKHO BbIOpaTh TaKHM, TOO MO KpavHeH Mepe M0 
omHomy peOpy mepeBo3KH He MPOH3BOMJICb. 

T-eopema 3. Onmumanoneltl naan nepeeosoK no sadanHomy epady Cc 
YUKAAMU UHOYYUpyem NpasuAbHole NAaHbL Nepeso3soK No KAXKOOMY UZ YUKNOCB, 
codepmamuxca @ epade. Ecau naanol nepeso3s0k no 2ibomy us YyuKaoe, codeprzca- 
WUUXCA 6 epagbe, NPABLAbHbL, MO NAAK hepeso3s0K no epady munUMAaNEH. _ 

AnropuTM COCTaBsIGHHA MHHUMAaJIbHOrO miaHa MepeBO30K NO 3aaHHOMy 
rpady c Harpy3kKoH peanusyerca cmefytouyuMm o6pasom. Ilepesosku no peOpaM, 
He ABJIAIONLMMCA WHKIMYeCKHMH, Haxodatcs no dbopmyuie (9). Ilocae sroro 3a- 
Jaua CBOJMTCH K COCTaBJICHHIO MHHHUMaJIbHOrO MlaHa NepeBo3soK (Cc COOTBeT- 
CTBCHHO M3MCHCHHBIMH Harpy3Kamu) m0 rpacby (ObITb MOxXeT, HeECBASHOMY), 
Bce peOpa KoTOporo sBIAIOTCA WukKMueckumu. [lepeBo3sku nO peOpam 3Tore 
rpatba ompeyeisiorca TaK, KaK 9TO OblO CemaHO B JIeMMe 2, IIpH¥eM K HeKO- 
TOPBIM WHKIaM Mpollecc WpHMeHAeTCA HeOMHOKpaTHO. CocTaBJieHHe MHHHMAaJIb- 
HOrO MwWiaHa 3aKaHUHBaeTCA, KOFa WlaHbl NepeBO3OK NO BCeM COJlepKalllMMCcA 
B rpade WuKlaM cTaHyT [paBMJIbHbIMH. 

Teopema 4. J[1a s3adanHoll HaepysKu q 2padpaG, Haiidemca Oepeeo 
Da€Gpy makoe, 4MO MUHUMAAHOLL naan nepeso30K no epady Gp, coenadaem 
C MUHUMQAbHoIM NAGHOM nepeso30K no Oepesy Dn. 

Baaronapro O. B. Jlynakopa 3a nome3Hoe OOcyxKAeHHe Pe3yJIbTATOB. 


Ilocrynuao 
16 IIT 1959 


IMTHPOBAHHAS JIMATEPATYPA 


1D. Konig, Theorie der endlichen und unendlichen Graphen, Leipzig, 1936° 
ee yXUpaBpmes, ra Mate. HayK, 3, B. 4, 80(1948). 3 JI. B.KantToposBR¥4 
_K. TD apy pau, Coops. [[podnemst noasurenua apbextuByocru paCoTer Tpaucnopta, M34° 
AH CCCP, 1949, crp. 110. oP ‘ ‘ : ‘. 
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Hoxnage Ankagemun nayx CCCP 
1959. Tom 129, Ne 4 


THAPOMEXAHHKA 


B. H. APXHMOB 


BJIAAHHE MATHHTHOFO NOJIA HA YCTOMYMBOCTb 
MOrPAHH4HOrO CJIOA 


(ITpedcmaeaeno axademuxom I. H. Iempoeoim 9 VII 1959) 


Ilycrb WMeeT MecTO MapasebHOe TeYeHHe BA3KOFO MpOBOAMero HECKU- 
emoro rasa, T. €. TaKOe, YTO COCTABJIAIOMHe CKOPOCTH U = u(y), U=0, w=0. 
NyCTb MarHuTHoe none H = H (y) HanpaBeHo mo ocu Oy 4 MarHuTHble wncaa 
HeHHOIbaca Mavibl. Kak usBecTHo (1), 3aqaua 06 ycTrouuBpocTu Takoro Tege- 
(4A MO OTHOLICHHIO K MAJIbIM BOSMYIICHHAM NOM CKOpocTeH H MarHuTHOrO 
JIA CBOMHTCA K MCCJIeAOBaHHIO ypaBHeHHA 


| E) = Ue) (a8) — Uh +E (PY — 202 Gt + a) — FEY) = 0. (1) 


eCb BCe BeJIMUMHbI Oe3pa3MepHbI (OTHECEHbI COOTBETCTBEHHO K XapaKTepHOK 
WKOPOCTH Uj, XapakTepHOH jiMHe / HM XapakTepHOMy MarHuTHOMy nomo H,); 
= 2Qnl/k; } — nuHa Bob! BO3MyleHHA; Re = u)l/v; v—Ba3koctb; M? = 
= pH ol / V opv ; .— MarHHTHad MpOHHMLaeMOCcThb rasa; 6 — IpOBOAMMOCTb ©ra3a; 
_—TIIOTHOCTb fa3a; MaJioe BO3SMyleHHe v’ NonepeyHOH cKOpocTH mpeycraB- 
MieTcA B Buse v’ = > (y) e@—Myuy; C=C, + iC;; C,, C7; — BELLECTBEHHbIe YMCA. 
Teyenve B MOrpaHH4HOM CJIOe BAOJb MOCKOM MaCTHHKH, Ha KOTOPy!O 
ia6eraeT MOTOK Ta3a CO CKOPOCTbIO Uy, HalpaBJIeHHOH BAOb NWaCTHHKH 
4BO0JIb ocH Ox), MOXKHO CUMTATS MpHOJMKeHHO MapaJVIeMbHbIM HW JWI UCCIe- 
{(OBaHHA YCTOHYMBOCTH STOrO TeYeHHA MPHMeHHTb ypaBHeHHe (1) c rpaHH4- 
HbIMH YCJIOBAAMU 


g¢=¢’'=0 npn y=0; ¢=¢'=0 npH yoo. (2) 


| Hiccnegzyem ycrounpocTb mpodusa CKOpOcTH TeYeHHA B MpOBOAAMLeM M0- 
irpaHwuHoM coe HeCxKHMaemoro fa3a BAOMb MJOCKOM MJaCTHHKM A cayyas 
! 0/2Cp = 1,85-104 °K, paccuutanuoro B. JK. Poccosom (?) (Cp — TelI0eMKOCTb 
jrasa Mp MOCTOAHHOM flaBsieHuH). OTOT npodusb aNmMmpoKcHMupyeM MOJIMHO- 
/MOM IWecToH cTemeHH OTHOCHTebHO y. B KayecTBe xXapakTepHoro JIMHeHHOrO 
‘pasMepa BblGepem BenunHy / = 1,73 V vx/uo; Ho =H (0). 

| Cnenya Tr. U. Terposy (*), K peuienuio 3afayH o COOCTBeHHBIX 3Ha¥e- 
jnnax (1) — (2) npumMenum meroy TasepKuna. J[na 9Toro paccMoTpHM CHCTeMy 
| ypaBHeHHit 


| 


Sie \ Libs) bidy =0, i,k =1,2,...,m, (3) 
‘k=l 0 


PRE €, —Mpow3BoubHble ocTosHuble;. {, (y)}— cHCTeMa «IIpHOMaKAaIOUIUX 
yHKUMA, YXOBNeTBOpAIOad TpawHYHbIM yCcJiOBHAM (2). Samaya CBOANTCA 
K HCCJIeOBaHHIO ypaBHeHHA 

| | Dix | = 0, (4) 
| 751 


co 
rae {Dez|= \L Gs) b; dy| — onpefemutTeib CHCTeMbI ypapnennit (3). Cucte, 


f 
| 


} 
i 


0 
MY «IpHOTWKalonlux» PyHKUMH B aHHOM CJlyy¥ae MOXHO B3ATb B BUC | 


de ae (1 — e—¥)? e— hy, k= I, 2, Do (¢) 


Honaran M? =const, c; = 0, npupaBHHBad HyJIO BellleCTBeHHy!O YaCTb 
KosHUHEHT NpH MHMMO YacTH JeBO CTOpOHbI (4) H HCKMOyat HS MOM! 


YeHHBIX JBYX YpPaBHeHHH C,, NOJYYMM AIA Kaxgoro M? ypaBHenve Buga 
15 Ke) eC (6) 


Sro ypaBHeHve B HylocKocTH (a, Re) ompefenser «HelTpabHylo» KpHBYLO, 
OTMeNAIOLLyIO OOIaCTbh ycTrowuMBocTu (c;<0) or o6nacTH HeycTotuuBocTH 
(c; > 0). Haumenburee sHayenve Re = Rep Ha «HelTpabHOly KPUBOM Xapak- 
TepH3yeT Mepexol TevyeHHA K COCTOAHMIO HeyCTOMYMBOCTH. 
PacyeTbI, MpOBeJeHHbIe BO BTOPOM u 
Bybee oa ae aR toe p MIpHOMKeHHM, NoKa3gaiu, uTO pH 
= 0 Rexp = 405; npu M* — 01 Rexp = 450; npn M? = 0,02 Rex» =547; 
npn M?=0,04 Rex» = 702. 
re Weegee npu M? =O coorsercrsyeT NowyyeHHOMy JpyruMu MeTomamu 
Ha puc. | mpupeyena «HeliTpaibHad» KpuBaa, BbIMHCAeHHaA MeToOsOM 
TanepKwHa BO BTOpoM NpHOMxKeHuM Ana M* =O (kpuBan /). Jlna cpapue- 
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ii MPHBEeHbI «HeliTpasbHbIey KPHBBIe, nony4eHupie C. ®. UWlsxem (4) (kpu. 
ta 2), [. Ulnuxtunrom (°) (kpupaa 3) u HW. A. Laatom (§) (kpusan 4) 


/ 


t 
S 


S 
My 


iY, 500 100 1500 


Re ——> 


Puce. 2 


ida pwc. 2 MpHBeyeHbl BbluvceHHbIe MeToqom TamepKuHa (BO BTOpOM IIpi- 
/DAWKCHHM) «HeHTpaJibHble>) KPHBbIe B MocKocTH (a, Re) uA pasJIMUHbIx 
sHayeHHH M?. 


Tloctynusio 
2 VII 1959 


UMTHPOBAHHAA JIMTEPATYPA 


1R.C. Lock, Proc. Roy. Soc., A 288, 105 (1955). *# V. J. Rossow, Zs. angew. 
ath. u. Phys., 9b, 519 (1958). 3 T.U.Iletpos, IIpuxa. matem. u Mex., 4, B. 3 (1940). 
Jiuub 138-4320, Teopua rugpoxuHamuyeckoi ycronuusoctu, WJI, 1958. °F. lau x- 
Hur, Teopua norpaHuuHoro con, WI, 1956. * J. A. Zaat, Numerische Beitrage 
zur Stabilitatstheorie der Grenzschichten, Grenzschichtsforschung, Simposium Freiburg Br., 
426—-29 Aug. 1957, 1958. 
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Tlornagn AkafwemMun Hayk ccGce 
1959. Tom 129, Ne 4 


TEOPH Ff YIIPYTOCTH4 
A. A. AJIEKCAHJPOB 


HEKOTOPbIE 3ABHCHMOCTH ME)K]Y PEWEHW AMM MJIOCKON 
VW OCECHMMMETPHUHOHM 3AMA4 TEOPHH YINIPYFOCTH 
W PEWIEHWE OCECHMMETPHUHDbIX 3A A4 TPH NOMOLIH} 
AHAJIMTHYECKHX ®YHKILMM 


(IIpedcmasaeno axademuxom 10. H. Pabomnoseim 16 VII 1959) 


B wacTositlet pa6oTe MeTO,, C NOMOLIbIO KOTOPOrO B paoore (*) Obwin ycta-} 
HOBJICHbI HEKOTOPHIe 3ABHCHMOCTH Mexy PellleHHAMU MJIOCKOH U ocecHMMeTpH¥- | 
noi 3alau Jina OecKOHeYHOH ympyrou MIMTHI, pacipocTpaHsAetcA Ha Tewa,} 
orpaHHueHHble MoBepXHO-| 
CTbIO MPOM3BOIbHOrO OYep-! 
TaHuA (MpH ycJIOBMM, 4TO! 
@yHKUMA 7,(Z) OMHO3HadHal 
WIA NOJIOBHHbI Tesla, seKa-| 
wef mo OfHy cTropony oT 
nuockoctH YOZ (puc. 1)).| 
IIpu nomMouwM nojy4eHHbIx! 
3aBHCHMOCTeH pellieHve mep- 
BOH HM BTOpOH OcHOBHBIX 
_ OCECHMMETPHUHBIX 3aay 

TeOpHH ynpyrocTa cBo_uT- 
cA K onpefeneHnio u3 2. 
HHTerpasbHEIX ypaBHeHHh 2 
aHaJIMTHYeCKHX B PaccMaT- 
pHBaemol oOacTu dyHKuni 
KOMINI€KCHOTO MepeMeHHOTO. 

k=l lyers HeKOTOpBIit 

UMJIMHIp HaxoOLHTcA B MIO- 

CKOM JjedopMupoBaHHOM Co- 

CTOAHHH, CHMM€TPH4HOM OT: 

HOCHTeJIbHO muiockocTu Y OZ 

(puc. la). Bpamennem KoH- 

Typa nonepeyHoro ceyeHHus 

Puc. 1 UHJIMHIpa OTHOCHTEIbHO OCH 

OZ BEIPEKeM u3 WHIMHApe 

Teno BpaleHua. IIpou3peyqa HaoxKeHHe KOMMOHEHTOB HalpsxKeHHOTO P 

Re@OpMMPOBaHHOTO COCTOAHHH MyTeM BpallleHHA UX Ha yO x OTHOCHTEJbHG 
ocn OZ, MouyuuM HEKOTOPOe OCECHMMETPHUHOe cocTOAHHe STOTO Tena: 


ro \ (Sen COS? 9 ++ oy, sin? 6) d8, oz) = \ en dy, C 


0 5 (¢) 


oa \ (un cos? 8 + oy Sin? 8) d8, 29 = (xen cos 6 dé; 
6 0 


‘oo ae wy) = \ wad). (2 


0 
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Pb Oxn (x, 2), S2n (x, 2), Syn (x, z) = Vv (Sen = zn), Tx2n (3 4 Un (Xx, “> 
“ix, 2) — HanpaAxKeHHA HW MepememeHHA mMocKoro cocTosHHu”, x =—rcos9. 
2. Ilycrb ynpyroe mpocTpaHcTBo c OCeCHMMeTPHYHOH MOMOCTHIO HaxO,UTCH 
}}eCHMMETPHYHOM Halips2xKeHHOM cocTosHHH. TlepememleHHem KOHTypa ceveHna 
DeTH Blob ocH OY BpbIpexKeM B MPOCTPaHCTBe IMIMHAPHYeCKyIO MOOCTb 
b. 16). Ipovuspeaa HasioxKeHve KOMMOHEHTOB HalpsxKeHHOrTO Hu jedopMu- 
co, MOJYYHM HeEKOTOPOe MIOCKOe cOCTOAHHe MpocTpaHCcTBa c UWHIMHApH- 
(KOH MOJIOCTHIO: 


re x (c79 cos® § + oq sin? 9) dy; . (3) 
—co 
C2n = \ S29 AY; (4) 
Cie = \ (c,9 Sin? § + cog cos® 9) dy; (5) 
—oo 
oon \ Tey COS UGE: (6) 
= 
tn = \ u, cos 8 dy; (7) 
—CO 


Wy = \ W, dy. (8) 


Ms pbipaxenui (3) —(8) Haligem o,o(r, Z), Fe0(f, 2), F20(f, 2), Trzo(V; 2), 
\(r, Z), Wo (r, 2) — Hanpsa2KeHHA H MepemMelleHuA OCECHMMETPHYHOrO COCTOAHMA. 
Vurerpabt mo y B mpemenax oT y = — oo 0 y = co 3aMeHHM Y]BOeCHHBIMH 
fiterpasiaMu 110 y B Mpemenax oT y=O 2O y=oo u Nepelijfem OT uHTerpH- 
bDBaHua m0 y K HHTerpupoBanuio no fr. (Bpipamwenne dy HaxOMTCA YaCTHBIM 
Hddepennupopanvem coornomenua x? + y*=7?, sinf=y/r, cos§=x/r.) 
YpaBuenud, nOyyeHHbIe TAKUM MyTeM “3 3aBucHMocTeli (4), (6), (7), (8) 
cymmbr (3) uw (5), MpuBosAaTcH K ypaBHeHuamM AOensA. u pellieHve HX Maer: 


r dx . . (9) 


Ozn a) 
sVP—P? 


5 4 
20 Or 


fae r dx ; 
Ses Neue egy Tg anaes ’ (10) 
1 a d . 
r dx : 
Sra + S60 =—3,\ (Sn + oun) gee (11) 
co 
<7) C d. 
b r ax 
et Ales wae 12 
Uo v7 Or \ Un x? — r2 ’ ( ) 
co 
i, 0 - d. 
r dx 
ree) Nigh, SEO, 13 
= 5 Fr | Oya (13) 
[oe) 


Ansa OnpewevieHun HallpsKeHHH Sr9 H gq MOPOSHb MOKHO HMCIOJIbSOBAaTb 
160 HHTerpasIbHOe YPaBHeHHe, MOJIYYeCHHOe, HanpuMep, BHIYHTAHHEM 3aBHCH- 
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mocteii (3) u (5), HOO ypaBHeHHe paBHOBecus OCeCHMMeTPHYHOH 3aj1ay) 


d6,5 OT 29 C9 — Sao 
Or Oz me r = 0. 
BpipaxkeHve 9,9 HMeeT BUA 
Mi iJ 
> 4 4 6) if dx! IT p29 
oro =e {\ [ae ar | Cm t+ 8m) Gee ae | ar CO. Oy 


foe) 


Baipaxenue (14) yqoserBopser ypaBHeHuam (3) u (5) MpH MpOusBOJIbHO} 
C(z). Jlna onpemesenua Bua C(z) MO%XKHO UCIOIb30BaTb ypaBHeHHe, BBITI 
Karollee H3 U3BeCTHBIX YPaBHeHHH COBMeCTHOCTH OCeCHMMeTPHYHOK 3ajlay) 


4 14 eu. tes i 
V? (6,56) (co, 39) 4 roils sar) =o 


ee, iS a i 
3fecb V2 = 578 -p mie Be U=orto,+ 59. OGnuHO C(z) = C, + CK 


3. Harpy3ku, elicrpyroulve Ha TeIO (B TOM 4HCJIe NOBepxXHOcTH paspe3a 
IPH OMMCaHHbIX HasloxwKeHHaAx TpaHcdopmupyrorcs. Jia Harpy3oK, NpHsoOKeH 
HBIX B OTJCJIbHBIX TOUKAX,M JIt OObEMHBIX CHJI COXPaHAIOT CHJY 3aKOHbI TpaHt 
cbopMupoBaHuA, ycTaHOBeHHbIe B padorte (*) AA GecKoHedHOK nuHTEI. Coxpé} 
HAIOT CHJIy H MOyyeHHbIe B paboTe (*) COOTHOWeHHA, NOSBOJIAIOUIMe HaxXOLMT/i 
Takwe Harpy3KH MIOCKOrO COCTOAHUA, KOTOPbIe pH BpallleHHH COOTBETCTBY) 
1OT 3aJlaHHbIM OCCCHMMETPHUHBIM. | 

B cayyae TemMnepaTypHOH 3afauH TeMNepaTypHble paclMpeHuA pu nepE 
xXojle OT MJIOCKOrO K OCECHMMETPHYHOMY COCTOAHHIO C MOMOUIbIO NpHeMa 11.) 
WM MpH mepexofle OT OC€CHMMeTPHUHOTO COCTOAHMA K TJIOCKOMY C MOMOLIbI} 
mpHema m. 2 TpaHcctbopmMupytoTcsA culeyouluM o6pa30M: | 


° ( dx 

—— 6 == —————_—* } 

kT 6 | kT ad a aes (15) 
ATS BT pa Re ee | 
: Y VPr—x (If 


Smecb Ty (x, 2), To(r, 2) — TeMMepaTypbI MIOcKoro HM OCeCHMMeTPH4HOrO coc} 
ToAHHH; k — KoadullueHT JIMHeHHOTO PaCWIMpPeHHA, MOCTOAHHBIM MIM 3aBH| 


paspeliad HHTerpabHOe ypaBHeHHe OTHOCHTeIbHO RT,(x, Z), Haliem TaKko| 

v } 

Nove TEMNepaTyPHbIX PaCIWWHPeHHH MJIOCKOTO COCTOAHHA, KOTOpOoe Tocwe Bpa) 

WleHHA MaeT 3aaHHOe OCeECHMMETPHYHOe 
x 

1 0 t dr I 

a) \ kT 9 (r,2) ya (17| 

! | 


AHaJIOrM4HbIe IIPHeMbl MOFYT HCHOUIb3OBaTbCA HM B APyTUX cyyaAx, Aonyc| 
Kalollux Halo*wKeHwe (HanpHMep, WIA MHHamMuecKuX 3ajya4). | 

4. Uicnomp3y novlyyeHHbIe 3aBHCHMOCTH, CBeJeM pelleHHe ocecummerpu4} 
HbIX Saad TeOPHH yIPyrocrH K ONpeeNeHHIO M3 AByX MHTerpasbHBIX ypaB 
HeHHH JBYX aHaJIHTHYeCKUX B PaccMaTpHBaeMOH OO/acTH dbyHKUMH KOMMIeKc: 
HOrO MepeMeHHOrO. 

Ilycrb Ro(s) u Zo(s)— patuasbHad u BepTHKasIbHaA CocTaBAIOLLMe Harpy3- 
KM, 3afaHHble Ha NOBEPXHOCTH OCe€CHMMETPHYHOIO Tella B CAyyae MepBol Oc; 
HOBHOH 3aauH TeOpHH ympyroctH, a Uo(s)H Wo(s) — nepememleHuA, 3aaHHble 
Ha MOBEPXHOCTH OCe€CHMMETPHYHOLO Tela B Cly¥ae BTOPOH OCHOBHOM s3anaun. 

B cayyae NepBOH OCHOBHOH 3aauH Asa cnmOWHOorO Tena (puc. la) BBesew 
BbipaxkeHHA (1) B H3BeCTHBIE 3aBHCHMOCTH 


Ry = 59 COS% +- ty Sina, Zp = oz9Sina + t,) COS a. (18) 
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Hiimea B Buy, 4TO Ha KOHTYpe X=7,cos0, mn Nepexoqa OT uMHTerpHpo- 
‘Hua mo § kK uHTerpHpoBaHuto No x, Haiijem 


To 


x? x? dx 
iy — COSa San —z + ¥(Cxn + Sen) i ye 
re "0 To Ve Ke 
To 
+ sina \ ee dx 
fis M0 or 
r 
a : V 2-2 (1) 
fia To 
: dx XK dx 
ay == Sige? Ozn ———— ++ cosa \ Typ 7 eS: 
zips V Favre XR? ea ns ie w) Ve — x2 


| Jina Tena c nonocto (puc.. 16) B sapucimoctu (18) BBo_ATCA BHIPaxKe- 
ma (9), (10), (14) (npu r=~7,). 

| B cayyae BTOpOH OCHOBHOH 3aaun BbIPaKeHHA Uy HW Wy BBOMATCH B (2) 
Mid CMIOWMHOrTO Tesla HM B (12) u (13) Ana Tena c nNonocTbIO (NpH rf =1)). 
B ypapHenuax (19) (4 cooTBeTcTBYyIONIMX MM JIA [pyrux cJlyyaeB) BbIpa- 
HCHHA HalpxAxXeHHH MW MepemMeleHu MIOCKOrO CO TOAHHA MpeycTaBuM yepes 


dasiMTH4YeCKHe (PyHKUMH KOMMJIeKcHOrO MepeMeHHOrO 


Oxn + S2n = [D (6) +0], S2n — Sxq 2itven =2[CO" (o)+'F (6)], 
24. (ia + ite) = B—4) 9) — tO —FO) (20) 


mech C=x-+ iz, C=x—iz; »—noctosnnaa Jlame. 
Uckomple aHamuTHuecknve (yHKIMH mpescraBuM uuTerpanamu Komu 


q] 


i, Ae Cee) 

O=s> jae at , H3M€HHM NOpAOK WHTerpHpoBaHHA 4H BBITIOJHUM 
Zz 

TerpHpoBanve mo x. M3 cummeTpHu mMsocKorOo COCTOAHHA OTHOCHTeJbHO 


1 oe YOZ cnegyet, uro DO (7) = O(—2), 9) = — 9 (—24), f=) Lz, 
‘=r, —iz. Ilpouspeqa npeoOpa3s0BaHHa, MOWYYHM HHTerpaJibHble ypaBHeHHA 
ITHOCHTCJIbHO KOHTYPHbIX 3HaYeCHHH ByX aHaJMTHYeCKHX (byHKWMU, onpeze- 
iAIOUIMX IIJIOCKOe COCTOAHHE, COOTBETCTBYIONIee HCKOMOMY OCeCHMMeTPHYHOMy. 
_ B> kauectBe mpuMepa NpwBeyeM 3TH ypaBHeHHA JIA BTOPOM OCHOBHOL 
laqauu ynpyroctTy ia cniowHoro Testa (21) u AA Tena c MOnocTHIO (22): 


| 4 Of oly Pacey 

pe a av Wan me ee Wa 
4 4 ae 

ee BS) ott t) + ¢—t)+ &)¢' (d)] de; 

24 (8) \ aa 13 —4y) 9) +4 + —to+ Ade Ol 


_totlo (9 , 9 \6 (3—4v) 9 ()—9" (t) (t= bo tho) —9 (1) (__ tn +40 ars 
o (s)= 87 oe a (Qk — to. -424,)2 ee ) ’ 
(22) 
». (sya (8 2 \f C—O) 9 OE) (tot to)b+4) foe igh ‘ 
cas) = 8p7 Cara De rs ns ) ; 
S=S (Zo). 


Avanormunbit BU, MMeroT ypaBHeHuA Ja NepBOM OCHOBHOKM sajaun. 
ABTOp BbIpaxkaeT OslarofapHocTb JI. M. KypuimHy 3a WeHHbIe COBeTbI 10 
IpeoOpas0BaHHAM MIPHBeAeHHbIX ypaBHeHHli. 


Hosocu6upcKnit MHCTHTyT Iloctynuso 
HHKEHEPOB 2%KeNesHOJopoRKHoro TpaHcnopTa 10 VI 1959 


LMTUPOBAHHAA JIMTEPATYPA 
1A. A. Anexcaugypos,{ JAH, 128, No 1 (1959). 
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Jloxrnxage Akayemuu nayx CCCP 
1959. Tom 129, Ne 4 


MATEMATHYECKAA PH3HKA 


M. M. HA3AP4YK u H. WH. NOJIBCKHH 


OB ACHMMTOTHYECKOM NOBEXEHHH PEWIEHHMM 
OJHOM 3AXA4N O TENJIOOBMEHE 


(ITpedcmaenexo axademuxom H. H. Boeoatoboeom 24 VII 1959) 


B psfle TeXHHYUeCCKHX BONPOCOB BOSHHKaeT HeEOOXOAMMOCTb pacCMOTPeHHA’ 
3aauH O TeNOOOMeHe MEX Ly KHAKHM WIM ra3s00Opa3HbIM TeMJIOHOCHTeIeM Yt 
B3BeIUeCHHbIMH B HEM TBeEPAbIMH YacTuuaMu. Pay ynpollarouwjux npesnosoKennk 
/MO3BOJIAeT MHOrHe NOAOOHbIe 3aauv CBeCTH K CeAyrouleH. 

IlycTb TensOH30HPOBaHHbIM Cocy, HanOJIHeH TeMJIOHOCHTeJIEM, HMeIOLLMM 
3alaHHbIli BEC, TEMJIOCMKOCTb H TemMMepaTypy.B MOMeHT BpeMeHH Tt = O B CO- 
cy norpyKaerca cMecb, COCTOAMaA U3 JOCTATOUHO MeJIKMX YaCTHI, pasOuTbIX 
‘Ha n rpytn, Kaka W3 KOTOpbIX MMeeT ONPeeeHHbIe KOSPPHMMeHT HM T0- 
BeEPXHOCTb TEMJOOTIauH, TeEMJIOCMKOCTb H CYMMapHbIl Bec. ByJeM CunTaTb WIA 
MpOcTOTHI, YTO HavaJibHad TeMMepaTypa BCeX YaCTHI OJMHAKOBAa HW HHXKe TeMMNe- 
paTypbl TenoHocuTema. IIpeqnonaraa, uro TenOOOMeH HMeeT MECTO TOJIbKO: 
MexK]y TeMJIOHOCHTeJIeEM H PaCCMaTPHBaeMbIMH YaCTHMaMH, JIerKO NOMYYHTb AA 
HalieH 3afauH CHCTeMy JIMHeHHbIX udepenuMabHbIX ypaBHeHHH C NOCTOAH- 
HbIMH KOS@DHILMeCHTAaMH: 


d : 

ey inlay a Gat +... + Onkn = 0, 

d 

ee QyXy+ (Ag+ As) Xo +--+ + OnXn = O, (1) 
aX, E 

ra “ QyXy + Agha t- + 0+ + (QnAn) Xn = 9, 


rie x;—Oe3pa3MepHad pa3HOCTb TeMNepaTyp TeNMJIOHOCHTeA M YacTHL i-it 
rpynnp; KoadPpuuvenTel a;,A; NOOKMTCbHBI HW ONpeeAIOTCA 3a]aHHbIMu 
BbIUIe MOCTOAHHbIMM. Kpome Toro, Bce A; pa3JIHuHbI HW KarkKaa A; xapaxkTe- 
pusyeT HayaslbHyloO CKOpOCTb HarpeBa uacTul i-fi rpynmbl. Bynem cunratp, 
Bema =< Ao < ao <,< Ap. 

HauyambHoe ycmoBue: npu t=O sce x;= 1. 

Marpuua cuctempr (1) mpeycTaBsaeT co6ow HeKOTOpBIN OnepaTop L B f-Mep- 
HOM MpOcTpaHcTBe, KOTOpbIH MpecTaBHM B Ble CYMMbi AByX ONepaTopoB 
L=A4 A. Co6cTBeHHbIMH 3HaYeHHAMH ONepatTopa A ABJIAIOTCA BeLeCTBEHHbIe 
pasiuunpie uucsia Ay, Aj,..., A,. Onepatop A ofHoMmepeH: OH NMepeBO,UT 
Kak bli BeEKTOp X = {x;} MpocTpaHCTBa B OJHOMepHOe MHOKECTBO BEKTOPOB 
Ax, y Kak Oro 3 KOTOPbIX BCe KOOPAHHATHI paBHbI MexK)y coOoH WM paBHbl 

n 


: 
CKassipHOMY MpousBeyeHMio (a, xX) = >) ax. Onepatop A, Boome roBops, 
é=1 

He SPMHTOB. 
JlemmMa. Ecau ece a;>0, mo onepamop L = A-+ A ne umeem codcmeen- 
HbIX BHQUCHUIL, BCLECMBCHHAA 4aCMb KOMOpLlx coenadaaa bol Cc oOKUM U3 A,;. 


759 


Paccmorpum tTenepb oneparop M=A-+eB, y xkotoporo e>9, a B 
3ajlaeTCa MaTpHlleli, BCe 9JIeEMeHTbI KOTOpOH paBHbI euHnie. Oneparop eB) 
SABJIACTCH YACTHBIM clyyaeM onepatopa A MIpH a; =a,=—...=A,=e. Cres 
JOBATeJIbHO, AIA Onepatopa M cnpapeysmBa cPopMy/IMpoBaHHad JI€EMMA. . 

V3 v3BeCTHBIX TEOPeM TEOPHH BOSMYLeHHH (+) cefyeT (B CHJIY IPMHTOBOCT 
matpuy A, B vu NosOXKUTeMHOCTH 3eMeHTOB MaTpHUb! B), uO MpH AOCTATOUHOP 
Mayiom ¢>0 cnextp onepatopa A cypuraeTca BIpaBo, T. @. COOCTBeHHDBICIE 
3HAYeHHA ty, Ug,.--, 4, omepaTopa M BelllecTBeHHbI, JlexKaT B JOCTATOUHOIP 


MaJIbIX OKPe€CTHOCTAX HM MpaBee COOTBETCTBYIOWIMX 3HAayeHHH Ay Ae An-f 
TakuM O6pa30M, B KaxK]OM HHTepBavie 


(Ay, As); (Ag, Ag)3.-~3 (Ana, An); (Ans + 00) (2)} 


HaXOMUTCH OHO COOcTBeHHOe 3Ha4¥eHHe onepatopa M. 
Byjem Tenepb HelpepbIBHO H3MeHATL QJIeEMeHTbI MaTpHUbI eB Tak, YTOOBI:) 
BCe SJIEMEHTHI MepBoro cTo/ONa, OCTABAACh paBHbIMH MexKLy coOoh MOMOKU-) 
TeJIbHbIMH YHCJIAMH, CTaJIM paBHBIMH Q,; 9JIEMEHTHI BTOPOro CTONOUa, HSMCHAACHER 
aHaJIOrHuHbIM OO6pa30M, CTaJIH paBHbIMH a, HM T. JQ. IIpH STOM H3MeHEHMHIE 
MaTpuua eB nepeliger B A, a Matpnua M BL. B cusy HenpeppiBHOH 3aBu-ff 
CHMOCTH COOCTBCHHBIX 3HaYeHHH MaTPHUbI OT ee BJIeEMCHTOB Ha OCHOBaHHH|f 
JIEMMBI MOJYYHM, YTO HMeeT MeCTO CJIERyIOMlaA 
Teopema 1. Bce coOcmeennole 3HaveHuA dy, do,.--, hn mMampuyor LY 
BeLECMBEHHbL U PACNOAOCIZCeHb! NO OOHOMY BHYMpU UAMepesaro.e (2) *. | 
O6ujee pemieHve cucTemb! (1) MoxKer GbITb 3anucaHO B Be 


x= > alte Xk (Graco leone Ds (3) ) 
k=1 


k) W(k k WS 
rye al”, af... , af? — xomnoneHTel co6cTBeHHOrO BeKTopa a(*), COOTBETCTBYIO- | 


Ulero COOCTBEHHOMY 3HAUCHHIO Ag. 


PaccmorpyM nopeenue pemenusa (3) mp Oombmux t. Tak Kak hy} <hg<... <Any | 
TO TIpH OombMNMX t SHAK KaxKorO x; CcoBNagaeT co 3Hakom a), 


Ha ocHOBaHHH HayaJIbHOro YCJIOBHA 


n 
SP APS 
R—! 


> = 
Ha ocHopannu Lat*) — h,a®) nerko HafitH, 4TO 


A,—A 

(> Wold Sea, lal lsum Ay 

SO, ee (b==72, Hsieh (4) } 

Bcuny toro, uro Ay <p < A,<...< Ay. u3 paBencTE (4) 3aKmroyaem, | 
4TO 3HaK on) IIPOTHBONOJIOHKeH 3HAKY on$?) a eek aan . 


1 
MoxHO OoKasaTb, 4TO a) > 0. Sro BeiIreKaeT H3 TOK TeCTB 


n 


n AL (4;— 4) 

» i SR a AGT 

cay ff (A; — Ap) : 
i=1(i+k) 


* Weer mMecro u oOpaTHoe mpefox%KeHHe: KaKOBBI ObI He ObIVIM BeleCcTBeEHHBIe 4ucna 
Ay, Ag, ..., A,, pactonoxenuble no OfHOMy BHYTPH HHTepBasOB (2), MORHO Tak BbIOpaTb 
BEKTOp a= {@,} C NOMOMKUTEbHBIMH KOOPAMHATaMH, YTOOHI uNCMa Ay,Ag,... A, Oni 
COOCTBeHHBIMH 3HAYeHHAMM Onepatopa L. : 
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Topoe NosyyaercA pu paccMOTPeHUM MHTepMosAUHOHHOrO nowMHOMa Jla- 
aWKa OT fl Me€peMeHHbIX, JIMHe€MHOTO NO KaxKOH NepeMeHHOH. 

Ha ocuopaHuv CKa3aHHOrO MOXeT ObiITb cCOpMyJIMpOBaHa 

Teopema 2. Temnepamypa vwacmuy mou epynnol, KomopaA Nadunaem 
epesamecsa MeOACHHEe Opyeux epynn, OyOem acCuMNMOMULECKU NPUOAUICaMeCA 
memnepamype menaonocumeasn CHU3Y, 6 MO BpeMA KAK Memnepamypol ecex 
MAAbHOLIX epynn “vacmuy OyYOYM npuoAWKAaMbCA K Memnepamype menaAoHocu- 
2S CBEPXY. 


WucrutyT TemiosHepreTuku {locrynuno 
Akajlemuu Hayk YCCP 15 VII 1959 


UHTYPOBAHHAA JIMTEPATYPA 


1p. Kypaut, J. 0 uap6ept, Meroge marematuyeckok pusuxn, 1, 1934, 


JLAH, 1. 129 Ne 4 761 


Jlornaym Axkanemuu nayr CCCP 
1959. Tom 129, N: 4 


MATEMATHYECKAA PH3SHK 


1O. 1. UEPHOB 


CTAWMOHAPHOE BPAIEHHE KOCMHYECKHX FASOBbIX MACC 
B OBLIEM TEOPHH OTHOCHTEJIBHOCTH 


(ITpcdcmaeaeno akademuxom JI. H. Cedosom 9 VII 1959) 


§ 1. Pacemotpum maccy rasa, 3anOJIHAIOWLy!IO BCe MpOCTpaHCTBO, KOTOPi 
CTallMOHapHO BpalllaeTcA BOKPyr Ocu Z B COOCTBEHHOM rpaBHTalMOHHOM 10. 
Bpatienue cuutTaem afuaCaTuueckuM. CoOcTBeHHad MJIOTHOCTb MaCCbI MOKt 
o *, WaBmeHue p H KaccHuecKaA CKOPOCTb ABY2KeCHHA NO KpyraM WHPOTHI ; 
raza JOcTaTOUHO ObiICcTpO CTPeMATCA K HYJIIO Ha O€CKOHEUHOCTH. 

Ilyctb Hayao WHIMHApHYeckoH CHCTeMbI KOOPAMHAaT COBNaaeT C WeHTPt 
TaxKecTH O, a OCb annmuuKaT COBNaaeT C OCbIO BPallleHuA Z. Bce BeJIMUMHbI B 9TC 
CHCTeMe KOOPAMHAT 3aBHCAT TOJbKO OT ANMMKAaTHI Z M OT paccTosHHa L © 
OCH Z H He 3aBUCAT OT BpemeHn ¢ U yrula AONFOTHI Q. 

HerpyHO noka3aTb, YTO MpeAnoNORKeHUIO O CTAaLMOHAPHOCTH HW OCeECHMME 
PHUHOCTH BpalleHHA HW PacnpefeseHHA NapaMeTPOB COCTOAHUA Fa3sa COOTBETC 
ByeT JIA HHTePBasla B YeTbIPEXMeEPHOM PHMAHOBOM MIPOCTPaHCTBe BbIparKeH! 
Buda 


— AS? = Boq AXP + 2g yo dx? dx?+ gy, dx2+ 2913 dx" dx? Goo dx2+ Gagdxs*, ( 


rye Mbl BBesH O6o3HaueHHA x9 =ct, xt'=/1, x2=o, x® =z, c—cKopoe 
cBeTa. 

Hae 3ajavei saABiseTcCA ompeyemeHHe KOMMOHEHT MeTpHyecKkoro dyHy 
MeHTaJIbHOrO TeHs0pa g,, (x*, x*) (i, k= 0, 1, 2,3), qaBnenua p(x}, x*) wu cK 
PpOCcTH BpalleHHA Vy (x', x*) MO 3afaHHOMy pacnpeyeneHuto noTHOCTH Pp (xt, x 

IIpu nomommn OObmuHbIX BbINHCeHHM NMoyyaeM, 4TO KOHTpaBapHaHTHE 
KOMIIOHEHTbI METPHYECKOFO TeH30pa HMEIOT BUI, 


0? (0) ge (0) 
nS 0) gu (0) gis 
Sg a go 0) gre (0) i! ( 
0) gl 4 gee 5 


KouTpaBapHaHTHble H KOBApHaHTHbIe KOMMOHEHTHI 4-cKOpOcTH H KmaccH4e 
KOH CKOPOCTH BpallleHuA UMeIOT BHI, 


dx0 dx? dx2 
0 — = a = cee . pia . pao e x 
& ae toss Ue Gon Uo has 0; Up = xt fie ® ( 
a 2. : 
Ug = Zyl + Zoot", Ur = 0; tle = Boot + Goo”, us = 0. ( 


TexH30p SHEprHW — UMNYJIbCa Jin rasa uMeeT BUT 


Ti = wutu + pd; (wi pc*+ p). ( 


* Wuaue ropops, p 3ecb O3Ha4aeT HE CCTATOUHYIO MOTHOCTS, T. e, MOTHCCTS Tipu aGc 
JHOTHOM Hy#le TeMMepaTYPbl, a MNUTHOCTh pH LaHHO TemMepatype C y4ueTOM TeMOBbIX JBH# 
HHH QJICMeHTAapHbIX YaCTHL. B cooTBeTcTBHH C 9THM HMeeM e = pc2, rye e— coOcTBeHHa: 
IJIOTHOCTh BHYTPpeHHeH SHEprHH. 
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| Jlerko yOequTbex, uTo B Hawes s3aqaye u3 ueTbIpex peuATHBUCTCKHX 
HaBHeHHH Diinepa (*) Tam : 4 
Op Op ; 

wuku;, p= — —— — ujuk — PT a(Gy 

ji Ox!  axk 4 ( ) 


pa (npu i= 0,2) TomwJecTBeHHO BHINOJHAIOTCA, a JBa Jpyrux MMeIOT BH 


Op O00 0g 0 0 
ar eal See + go? 2) gue + (g2 See + gr ar) ta 


0g, Og 0 0 A 
+ (ge sr ee ee ee ee a eae 7) 


Op = pe 020 4 O20 OL00 Og: P 
on oe | (go ai == fos sa) uu” ae (go oe Ox” = fi 5) Uell® 
(6) 6) 0 0 
1 (ert ot 28) ug + (— 28 + PEE ae]. 
§ 2. Tpapntanuonnpie ypasnenua Siinmrefina Oynem pemarb MeTOLOM mocue-! 
OBATCJIbDHbIX MPHONMKeHHU, H3JIO%KeHHDIM B padorax (°, 4). 


_ [laa storo yQo6Ho nepelitu oT WHIMHApHYeCKUX KOOpAMHAT X/ K eKapTOBbIM 
joopauHatam x* no dopmy.jam 


KO = x0; Htc gOS x%) —-2ies xl sin 7%) , #8 = x8; (9) 
Leet ‘Lam : i 
oe On ak a gin = Ox” Ox git! IT oo relo) 
lm ax l ax™ ik ax! ax’ g ax ep ax sare 


= | 

Tloce BbINNCTeHHA B JeKapTOBOH CHcTeMe KOOpMHaT: COOTBeTCTBYIOULUX 
HeIMYHH MbI NepeeM ONATb K PaCCMOTPeHHIO HX B UWMNMHApHYeCKOH cHcTeMe 
HOOpAUHaT No (popMyylamM OOpaTHoro npeoOpasoBaHua KoopsNHat. B JeKapToBow 
McTeMe KOOPAHHAT (B OTJIH4NE OT WHJIMHApHyeCKOH) BCe BeJIMYHHE! iC. HHJLeK- 
iaMM UMefOoT WITpHxu, B § 2 ycOBHMCA WTpHxu He NUCAaTb. 

Safauy OyfleM pellaTb B TaKOH JeKapTOBOH CucTeMe KOOPAHHAT, MPHBA3Ka 
OTOpOH K TpaBHTAaLMOHHOMY NOJO OCYLIeCTBAeTCA MpH NOMOLIM yculoBMi 
a pMOHHYHOCTH 


, 


Orly pe), (11) 


Ecnu 3anucaTb ycnosue (11) B wWnanaypuyeckoH cucTreme kKoopuHar, 
TO OYeBHAHO, 4TO Ba ycnoBua (11) TowKMecTBeEHHO YAOB/eETBOPHIOTCA B CHJY 
{allaHua MeETPHKH B Buse (1), (2). CneqoBatTenbHo, Bpema cf Mw yrou AONroThl P 
3 Halle 3afaue ABJIAIOTCA TapMOHHYCCKHMAM KOOPAMHATAMH, ABTOMATHYECKH. 
Kak u3BecTHo (?), TpaBHTaUMOHHble ypaBHeHHA ODinwTehHa mpHoOperTaloT 
HavOolee IpOCTOH BUA, CCH UX 3aMHCaTb B JeKapTOBbIX KOOpAMHATAX, 
VMOBJeTBOpAIOWMX ycoBuaM (11): 


{ 
\ 


rs 0g, r Bk (l 
e~ Zt gt (Ty, zs gk tli, ts ae Dp, rs “) =a (T eel (12) 


Ox! Ox 


jie k — HbIOTOHOBa TpaBUTalMOHHaA MOcTOAHHAA. 
KomnoueHTb! MeTpHuecKoro (dyHaMeHTaJIbHOrO TeH30pa — 6yneM ucKaTb 
3 BUIE PAMOB, pa3/lO*RKeHHbIX MO MaJloMy Mapametpy Cc ?: 


Lo = — 1 ale co ep a op?) Jot SiMe (pees ne 34 (1) a cp?) ac — 
Sap = dap + C Pha + otha ++ 3 (13) 
ey | ray ap Ome SP, ght on ls) ACI Ea 
go = bap btn? 4 ANE 4 (14) 


Tlogerapiaa pa3znoxenua (13), (14) B rpaBHTalMOHHble ypabyenng (13) 
IpHpaBHuBad KospuMeHTH! pH weHaX C O/MHAKOBbIMM ‘CTENEHSINU C, 
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HOJyYHM pA cucTeM ypaBhen a Kayan nocilemyioulas CHCTeMa YpaBHeHH)} 
cOepxXKUT pA BesIMUHH AY We BXOMMBIIMX B IpeMbILylHe CHCTeEMBI, H, KpOM) 
Toro, pay Apyrux he, OnpefeseHHbIX paHee: HOBbIC BeMMHHDI BCerya BXOMA | 
JIMHeHHO, Tak 4TO Ha Karxk ON nocJlelyrouen cTaquu mpHOsMxKeHHOrO MeTO]) 
MIpHXOLUTCA pelllaTb TOJIbKO JIMHeliHbIe HEOHOpOAHbIe AudpPepeHiHaNbHbl| 
ypaBHenua Tuma Ilyaccona. 


B nepBoM npvOsimKeHHH JIA OnpezeeHHa AY nomyyaem ypaBHeHUs 


An) = —8mkp; Ah = —8rk8.9p; AhG? = 16 xkov,, (15) 
rye | 
0; =—UgSiN@; Uz= 0,C0SO, Une 0) (16) 
CJI€OBaTeJIbHO: 
AD = —2V; AY = —22.9V; AR =4W,, (17 

roe V u W,—HbIOTOHOB MNOTeHUMa H BEKTOP-NOTeHUMasl TAPOTeHHA: 
com p(M’) do (M’) , fi 
v(m) =—k\ Poo: (a 


WV. (M) = re | p (M’) v, (M’) do (M’) 
an Si iets R (MM’) 

B uusMHapuyeckoH cuCTeMe KOOPANHAaT BeKTOP-noTeHuMal W, A Hale'l 
3ayauv wMeeT OfHy KOMNOHeHTY W.. Ecau Komnonenty W, BbIuHCJIATS B WA 
JMHpwueckoH cHcTeMe KOOpAHHaT, TO MIpH MOMOMM NOAcTaHOBKH ¢ = COs qi 
MW pxAlla mpeoOpas0paHni, MpHBeeHHbIx B (°), BEIUMCTeHHe W., MOXKHO CBeCT: 
K BbINHCJICHHIO JBOMHOFO MHTerpadia OT MOJHbIX 9QJJIMMTHYeCKHX HMHTerpaso 
l-ro u 2-ro poja: 


-= 1) | oe (V)-@V ZI 


=a leper dlcdz'. (19, 


rye a= E+ 14 (2'’—2)?, a=2Qll’. | 
SameTuM, 4TO [I TOTO UTOOL! B ypaBHeHuaAx (7) uw (8) BbI_eNMT Maubt| 


nopayqka c*, JOcTaTOUHO BO BTOPOM IIpHONWKeHHM BBIMHCIMTh TObKO A 
KOTOpPOe, KaK HeTPyAHO NOKasaTb, BHIMHCIAeTCA 0 cbopMysie 


4u%5 + 10 p 1 ¢ grad?V 
A@ = g\— te 4 BAP we (2 
§ 3. SHad KOMMOHeHTEI MeTpHuecKOrO TeH30pa B jeKapTOBOM cucTeM 


KOOPAHHAT B HepBOM 4H BTOPOM IIpHOJIMxKeHHAX, He€TPyHO BBIYHCJIHTb 9T 
KOMIIOHEHTHI B IMJIMAApwHueckKou CHCTCMEe KOOP]HHAT: 


Ge = aL eV ee re 6 ay ces 
gh = xl (1—2c°V); gy = 1 — 2e°V; (21 
g20 — __] 4 9¢2V- (1) 02 — a Ouse 
7 8 igo g el a 26 *V; 
1 
g(t) 22 — a (1 =F 2e*V); Ng Geta be Oery , (22 


1) s2 
rue f, ~ o6osHauaior coorsercrpenno l-e u 2-e IIPHOHKeHUS. 
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Ipu nomoutw (21), (22) Bpijenum B ypaBHeHuax (7) u (8) Mase nopan- 
c*. Tlonyuum, nepexoaa K O6o3Hauenuam x1 =/; x3 = z: 


el ale omy eee ieee 
eee pep tea = — ps +e%R, (23) 


2 


a= o(-%4 84 


4 an) av >, WV ow v2V vt 40,.W 
+0(5 J re an re ee re ed 
a aVv oi eee: | , WV aw 
Batts Reems gear 2't ge ete 2) 


Virak, Mbl umMeem 5 ypaBuenuli (18a), (19), (20), (23) oTrnocurenbuo 
) PyHKUN p, Ve, We, Ajo W saqaHHol myHKUHH p. 

_ Oropacpipaa B (23) Au B, nonyuum B I-m mpnOnMxKeHuM ypaBHeHus, 
bITeKAIOWNe H3 TeOpHH THroTeHua Hptorona (°), 43 KOTOpbIX B MepBOM MpH- 
JIMKEHHH ONPeeIAIOTCH P VU Ve! 


z 


po = — \ p > dz; U@) = 


uA ap 


OV 
oo (26) 


7 ee) 
Suaa p® uv, mo (19), (20), (24), (25) Haxonum Wy, h®, Au B, 
Ocyle uerO HaXOMM JaBJeHHe HM CKOpOCTb BO 2-M MpHOJMKeHMH: 


ie 
ae. { aes (1) 
p® = pw+c? | Bde v= —TerA. (27) 
STHM MeTOJOM MO2KHO COBMe€CTHO HaXOJuTb sm060e npHOmuxenne g), 
, vo 0 gajaHHOl NNOTHOCTH p. 
Aptop BbipaxkaeT OularogapHocth mpod. ©. MW. PpanKsio 3a WeHHbIe COBeTHI. 


Ka6apquHo-BaskapcKui Tloctynuuo 
rocy japCcTBeHHbIi + YHHBepCHTeT 7 \WAU\ MGB) 


UHTVMPOBAHHAA JIMTEPATYPA 


IJ]. 0. augay, E.M. Jiug@muu, Mexannka cnaomnpix cpet, M., 1953. 
20. U. @pauKas, Tp. cus.-matem. dak. Kupruscx. roc. yHuB., B. 3, 124 (1956). 
A. Einstein, L. Infeld, B. Hoffman, Ann. Math., 39, Ne 1, 455 (1940). 


4B. A.®ox, Teopusa npocrpancrsa, spemenu u Tarotenus, M., 1955. *°T.M.O®uxtTen- 
Tombu, Kype anbdepenunanboro XH HHTerpalbHoro ncuucnenna, 2,M., 1951. $B. A. K part, 
®yrypbl paBHoBecua HeGecHbIx Tel, M., 1950. 


Jloxnzagn AkayemMuu HaykK CCCP 
1959. Tom 129, Ni 4 : 


MW. H. KAHEBCKMM 


OB AHAJIM3E HCKA)KEHWM MOJIA MIOCKOrO 
NbE3OSIEKTPHYECKOFO M3JIYYATEJA 


(ITpedcmaeneno axademukom H. H. AxdOpeesoim 16 VII 1959) 


1. J\na nomyyeHusa niocKuX yJIbTPpa3sByKOBbIX BOJIH Ha BbICOKHX YacTOTAa| 
OObIUHO TIPHMeHAIOTCA MVIOCKHE Mbe3OIeCKTPHYeCKHe M3yYaTeIH U3 KBapLs 
WJIM KepaMuku THTaHaTa Sapna. OHAaKO, Kak 3TO BHAHO H3 paoor (*~*), 9TH non) 
HeJocTaTOuHO OAHOpOAHbI. TlourH OMHOBPpeMeHHO HW HE3ABMCHMO Apyr oT Apyl| 
P. Bap (1) u C. H. Pxesxunu (?) BbicKa3asIM MpeANOsOx*KeHHne, YTO 3TA HEOTH( 
PpOMHOCTb cBA3aHa Cc POpMOli KOeOaHHH NpeoOpasoBaTeA. OOa aBTopa ucxomua| 
M3 TOM MpeANOcbIMKH, YTO OCHOBHY1O POJlb B OOPa30BaHHH KOCHIX MYYKOB urpak) 


| 
| 


: 
| 
| 


Puc. 2 


n3rHOHBIe KOeOaHHa. Ilo Halliemy MHeHHIO, HeT OCHOBaHHH mpeHeOperat) 
BO3MOXKHOH POJIbIO MPOAOJIbHbIX KONIeOAHHH, TeM Oosee, YTO YCMOBAA BO3OyH! 
WeHus MpeoOpasopaTeA CHMMeTPHUHbI. C WebiO MpOBepKH ITOFO Mpesnomoxe| 
HHA OblIO MpOBeweHO HacTOAUlee UccTeOBaHne. | 

2. Ilpexge Bcero uccieqoBalacb KapTHHa kKOeOaHHH NOBepxHocTeH KBaJ} 
PaTHbIX Mb€3O3/IEKTPHYeCKHX U3vly4aTeneli u3 KepaMMKH TuTaHaTa Gapua 
paOoTatolulMxX Ha pe3OHaHCHbIX YacToTax 430 u 800 Kru B Bo3szyxe. Jia ston 
MOBEPXHOCTb YCTaHOBJICHHOFO TOPH3OHTAJIbHO U3 yYaTeIA NMOKPbIBaaCcb O4eH| 
TOHKHM CJIO@M XKUAKOTO MeTyYerO KpacuTeA, KOTOPHI cOOupasca B ny4HO 
CTAX CMCLILCHHH; BUOIb Y3JIOBbIX JIMHNH OOpas0BbIBaHCcb MpocBerTel. Monyyanac 
KapTHHa, ABJIAIOWLAACH HefaTHBHBIM H300paxKeHuem Cburyp Xan wu MMerDUIa! 
ABHO BbIPaKeHHy!O NepHofuyeckyto ctpyktypy. Ha puc. | A noka3ana yacr 
stoi kapTuupl. IIpu padote usnyyareasA B KUAKOM Cpeqe NpumMensnca boTosHd 
bysnoHHbIi Metog (*); pesymbTaT noka3aH Ha puc. 15. Hs cpasuenua puc. | } 
2 BHAHO, 4TO XapakTep pacmpeflenenua amnavTyL pu pa6ote u3nyuaren: 
B 2KHAKOCTH OCTAJICA TAKHM Ke, kak Mpu padore B Bosfyxe. Jaa usnyuarens 
c pesoHaHcHoH yacroToH 800 Krill nowyyaiorca Take *Ke KapTHHbl, HO NepHogxuy 
HOCTb CTPYKTYPbI YMeHbllaeTcA NPHONMM3HTeMbHO B [Ba pasa. 

3. UroObl yctaHoBuTb, Kakne KOWeOaHHA — CHMMeTPHUYHbIe WIM AHTHCHM 
MeTPHU4HbIe — MpeoOaAawoT B NOMYYeHHBIX KapTHHAX, MpOM3BOAMIOCh Hu3Me 
penue cipura has Ag Mexky KoeOaHHAMM MPOTHBOMEKaulMX TOYeK DBYX TO 
BepxHoctel usmyyatena. M3yuaredb nepemellasica OTHOCUTebHO JBYX ILYMOB 
MPpW2KHMaeMbIX K €fO MOBEPXHOCTH MATKUMM IIPpy%kuHaMu, a cABur cas A 
3alMCbIBaJICA C MOMOULbIO PazomeTpa u WeloBoro ocuusANorpada. Uccnegopa 
JIMCb Aba W3/yuaTeA C Pe3OHAHCHBIMM YacTOoTamu 400 u 830 Kru. V3mepenn: 
NPOUSBOAMINCh Kak B BO3AyXxXe, TaK MH B KUDKOCTAX — Boe uv TpaHccopmatop 
HOM Macle. Pe3ybTaTbl H3MepeHHli MOKasaM, YTO Uccueyemplii caBur das At 
nexkuT BOM3H O°. Ha puc. 2 nokasaHa OfHa m3 sanuceli cipura cba3 Ha uacTor 
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PR EL Se TEL EE a I a RT ES RT ey ML 


p0 KrIL pu padote B Boze. Ilo ocu a6ctlucc oTMO*KeHO paccTosHMe OT KpaA 
WlaCTHHbI AO uccyieqyemoH TOUKH ee MOBepxHocTH. Kak BAAHO M3 3aNMcH, MakK- 
UMaJIbHad BemMunHa A@ He npeBocxoguT 40°. Orctoya cmelyer, uTO mpeoba- 
saFOLLY1IO POJIb HTPatOT CHMMETPHUYHbIe KOMeOAHHA MpeoOpaso0BaTesA, Aa AHTHCHM- 
eTPHUHbIe, B YACTHOCTH H3PHOHBIe, HMEIOT 3HAYHTeIbHO MeHbILUy!0 aMMIUTYAy. 
|| 4. SaTrem s3anncbiBamocb pacnpeyenenve amnmuiuTy< KoeOaHni n0- 
HePXHOCTH H3/yUaTeA B BOWE HW MPOW3BOLMICA CNeKTPaJIbHbIN aHaH3 ITOTO 
Hacnpefenenun. IIpumep 3anucu uw cooTBercTBylollad ciekTporpamMa jlaHbl 


i 
4a puc. 3. M3 cnexrporpamMb! BUXHO, UTO HaNOOvIbIly!o aMMIMTyAy uMeer 8-a 


LOZ GEL EB GAD TH AB TT SG MIAO MT IE AER 
D 3S 7° MGHWS 18°24°7 256 IOS ISF°IB3 4I°4B° 532 00°68'5 81° 0° Xp 


Puc. 3 


KOMMOHeHTa Cc nepHosom 0,65 cm. Ilocnequaa Benuunna (c TouHocThIWO 15%) 
aBHa MOJIOBMHE JVJIMHbI MPOLOJIbHOH BOJIHbI B KepaMMKe THTaHaTa Oapua Ha 4a- 
crore 450 xr. Ta Ke mepHodn4HocTb HaOmofaetca Ha puc. 1A un 15. Heoguo- 
powHoe pacnpeweienne ammiutTy KomeOaHHi nO MOBepxHOcTH u3yyaTensA 
MOXHO, CJICMOBAaTeJIbHO, OObACHHTb BO3HHKHOBCHHeEM MPOOJIbHbIX CTOAUUX 
iBOJIH BHYTPH M31yYaTeA, OOYCOBJICHHbIX KOHCUHOCTbIO ero pasMepos. 

_ Cnexrporpamma mo3BouIseT CyAMTb O cocTaBe noma u3nyyatena. JlelcrBu- 
ITeJIbHO, f-fi KOMMOHEHTE CNCKTPa COOTBETCTBYIOT Be BOJIHbI, pacnpocTpaHalo- 
IMecA B KUAKOCTH BAOb MpAMOM, OOpasylouleH C HOPMaJIbIO K MOBePXHOCTH 


MBYUAaTeIA yTVIbI 


© = s-aresin (71h, /a), (1) 


re hy — QIMHa BOJIHbI B KUAKOCTH, @ — paccTOAHHe MexKy TOPpWamMu u3wy- 
yatena. Ha puc. 3 5 wa ocu aOcllucc yKa3aHbl COOTBETCTBYIOMHe YIJIbl, BbIMHC- 
JleHHbIe 10 dopmyvte (1), Korfa KepamM4uecKHH Uu31yYaTeb padoTaeT B BOE. 

Kak yoke ykKa3bIBaJlocb BbILIe, MAKCHMA@JIbHOM aMIJIMTyQOH OOmalaeT KOM- 
NOHEHTAa CNeKTpa, MepHO KOTOPOH paBeH NOJIOBHHE JIHHbI NpOAOMbHOU BOJIHbI 
B MaTepwaue u3smyyatema. Ilostomy cpequ KOCHIX NYYKOB JOJKHbI BbIZeIATLCA 
My4KU, HLyulue nox yraamu a, =-Larc sin (2hx%/hy), Te Ay — QMHa Mposob- 
HOH BOJIHbI B MaTepHase u31yYaTeIA. SaMeHAA MVIMHbI BOJIH COOTBETCTBYIO- 
IMMM CKOPOCTAMM, MOwyyuM a, = - arc sin (2 Cx/cy). B pesyabtate cynepno- 
3HUMM IpAMOH BOJIHbI, UAYWeH HOPMaJIbHO K NOBePXHOCTH M3/yUaTeA, C BOJI- 
HOH, pacnpocrpaHsloulelica moO yrviOM K MOBePXHOCTH, BO3HHKaeT NepHodu- 
yecKasd CTPyKTYpa NOJIA: MAKCHMYMbI M MHHAMYMDI WaBJIeHHs JleKaT Ha MIpAMBIX 
JIMHMAX, ABJIAIOULMXCA OMCCeKTPHCaMH YIJIOB M@xKAy HOPMaJIAMH K (poOHTaM 
Bou. JIA «KOCOM» BOJIHbI, paCMpocTpaHAIOUeHcA MOA yrvIOM Q,, HanpaBseHue 
‘OUCCEKTPHCbI ONpesemnetca yruiom B = 1/, arc sin (2 Cx/Ccy), MIM, NPHOM2KeHHO, 


5. Jia npopepku coorHomeHns (2) ObWIM MpOBeAeHbI 9KCNePHMEHTHI C 3H 
uaTeAMH 3 KepaMHKH THTaHaTa Oapua, padoTarolluMu B Bose. B pesysbTa‘} 
jlera3alluu BOJbl, BbISBAHHOM yJIbTPa3BYKOBbIM MOJIEM, BbIJeAIOTCA Ny3bIPbkiy 
BO3yXa, KOTOPble pacMoularawTcsA BAOJIb JIMHMM MMHMMaJIbHOrO JaBJIeHHA (a 
Tak Kak HanOoulee pe3KO JOJKHbI ObITh BbIPaXKeHbI JIMHHM MAHUMAIbHOTO AaB 
HUA, pacnosoxKeHHple Nok yriom B K HOpMAaJIM, TO HMCHHO BAONb STHX JIMHEIE 
cylelyeT OKWJaTb MAKCHMAJIbHOTO CKOMNJeHHA BOSLYWHbIX MY3bIPbKOB. OKCI |p 
PHMCHT MOJHOCTHIO NOATBep*KaerT 9TO mpefnosox*enne. Ha puc. 4 Buyeu Topel 
V3 yuaTea, padoTatoulero B BOMe Ha pe3OHaHCHOM YacTOTe 450 Krll,a Takx} 
BHHbI APKO BbIPaXKeHHble CBETVIbIe JIMHHU H3 My3bIPbKOB, HAyline no yrsiaw) 
6 = +(16—17°). TouHo Takand xe KapTHHa NOyyeHa C NOMOL{bIO M31 yuaTeds) 
paOoTaiolllero B BOJe Ha pesoHaHcHOH yacToTe 830 Kr. 

Jlnsa TuTaHatTa Capua B BOe BeEMUMHA yrvia, BbIYMCAeHHaA 10 cbopmyse (2k 
6 = 16°,7, uro xopoulo cormacyercs c 9KCMepHMeHTOM. SHayeHHe yrua B ocTde 
JIOCb H€H3MCHHbIM IPH H3MeCHEHHM YacTOTbI MOUTH B Ba pasa. Ecsu Obl KOCED 
NyYKU Oblwin OGycIOBJeHbI H3rHOHbIMH BOJIHAMH, TO IPH TaKOM 3HaUHTeJIbHO 
V3MCHCHHH YACTOTHI CIeOBasIO OXKMMaTb U3MeHeHUA yra B u3-3a Aucnepcu 
Hesapucumoctb f of yacTOTH, Ha Halll Bray, NOATBep»xKaeT, YTO HanOOJE 
MHTCHCMBHbI€ KOCbI€ NYYKH BbISBAHbI MPOAOJIbHbIMH CTOAYHMMH BOJIHAMH. 

Jina JOnNOHUTeMbHOH MpoBepKH cooTHOWeHHA (2) Oblwiu MCNOIb380Ba 
9KCNEPHMEHTAJIbHbIe Pe3YJIbTaTHI, NOMyIeHHbIe B paOotax (*~*). B taba. 1 
NOCTABJICHbI H3MepeHHble 3HayeHUA yrsia B C BHIUMCJICHHBIMU NO Popmyvie (2) 0 
KBaplleBoro H3syyatTeia. B pa6orte (*) JaHbl 3HaveHUA CKOpOcTeH u yrua fp, 1 
MOSBOJIAeT MPOM3BeCTH HenocpeAcTBeHHYy!O MpoBepky cooTHOMeHuA (2). B pe 
Gore (*) yrom B He yKa3aH; OH ONpedenAIcA Hamu Mo cdbororpadun noms, mpi 
BeJe@HHOH B paOoTe MW NOJIyYeHHOH MeTOJOM cBuieH. Tax Kak Ha (dotTorpady, 
BHJIHa CJIMLIKOM Malad YaCTb MOJIA, TO TOUHOCTh U3MepeHHH HeBeJIHKa, MOITO 
u3MepeHHoe 3HaueHne B JexuT BMIpefemax or 7 No 12°; B Ta6m. | ano cpenHe 
3HaueHHe 9°,5. B pa6orax (?,°) npHMeHAIMCh KBaplleBble u3yyaTeIH, pes 
HAHCHbI€ YaCTOTHI KOTOPHIX OTMYAIHCb NOuTH B 7 pas. Hecmorps Ha 3TO, BbIUH 
JeHHbIe 3HaveHua B xOpowlo cormacywoTcaA C 9KCHEPHMeHTAJIbHbIMH. 


TaOnmuna 1 


Uactota Cae AOE Cy: 10-5 x OK Jlur. 
Cpena B Mry a ce | B cneen | Piss rom B° excn. ncTosil i 
K cusion 7,50 41.36 Hy (d) ae dues (@) 
BazeuHoBoe Macsio} 1,26 al oul 5). Toi {hae (*) 
Uerpipex x lopuctplii 
yrepon 4,42 0,94 DAD 9°38 ees (3) 


B 3aksouenne BbIpaxkato riyOoky10 OnarofapHocts JI. J. Posen6epry 3} 
WHTepec H BHHMAaHHe K JaHHOH pa6ore. 


AkyCTHuecKHi MHCTHTYT Tloctynusio 

Axkanemnu nayk CCCP 15 VII 1959 
UNTHPOBAHHAS JIATEPATYPA 

1 R. Bar, Helv. Phis. Acta, 9, 617(1936).2.C.H.P xesKuuH, JAH, 16, Ne 5. 27 

(1937). F WoL. Gessiert! ED AT Hiedemann, IP Acoust, Soe Am., 28, Ne fi 


944 (1956). *M. E. Apxaunrenpcexual, B. A. Abaunacbes, Axycr. xypH 
£14 (1957). 5 K.Yosioka, Y. Kawasima, Acustica, 5, Ne 3, 167 (1958), he 
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Jloxaanm Akangemun nayrx CCCP 
1959. Tom 129, Ne 4 


PHBHKA 


A. H. TABXEJIMJ3E, HW. T. TOXOPOB u H. A. YEPHHKOB 


SMEKTPAJIBHbIE CBOHMCTBA ®YHKUMM FPHHA B OAXHOM MOEJIN 
MESOHHOPO NOJIA C PHKCHPOBAHHbIM HCTOUHHKOM 
(ITpedcmaezeno axademuxom H. H. boeoawboeum 29 VI 1959) 


Bpeuyy Toro uTo Tip’ HccIeqOBaHHu ypaBHeHHH KBaHTOBOM TeopHu MOuIA 
crpeyaioTcaA OobUIHe TPYAHOCTH, OCOOY!O NONYJAPHOCTh MpHobpesio usyyeHHe 
a3JIM4HbIX MOJeseH STOH TeopHH. M3BecTHy1o Nosb3y MpHHecsIO MeTasbHOe 
accmMoTpeHve Mogesiei JIm (1) u Tuppuura (7). Jo camoro nocaeqHero BpemeHH. 
co6oe BHHMaHHe MpHBJeKaeT MoJeb Ubto (*) (Me30HHOe Hove BO B3aHMoseli- 
TBHH C (PHKCHPOBaHHbIM HCTOUHHKOM), MOCKOJIbKY OKa3aJl0Cb, UTO OHA B HeKO- 
OPOM TIPHOJIH>KeHHH OMMCHIBaeT PeaJIbHOe B3AHMOJEHCTBHE A-Me3OHOB C HYKJIO- 
jHaMM B OOaCTH HeOOwIbWIMX SHepru. Ecuim B Mogeiu Upto He YYMTHIBaTb CNMHA 
YKJIOHA H CUHTATb, UTO SHEPHA Me30HA He 3aBHCHT OT HMMYJIbCa, TO paccmotT- 
eHHe 9TOH MOJleJIM CBOAMTCA K pellleHHIO CHCTeMbI JBYX OObIKHOBCHHBIX up- 
PepeHUMaIbHbIX YpaBHeHHH BToporo nopsKa. Tloqo6Had modemb paccmaTpH- 
Baslacb Beutuesem (*) u Tomonara (°). B HacTonmeli sameTkKe ucCJleqyIoTcA 
cBolicTBa (byHkuHH I’pHHa B ynpouleHHOli TakKHM OOpa30M Mojeiu. TloKa3aHo, 
4TO pH CTporoM MoAxofse K 3aflaue He BO3HHKaeT HHKAKUX MapaoOKcoB TuNAa 
OTPHWaTeIbHbIX BePOATHOCTeH». 

TamuuJibTOHHaH OO380HHOrO NOJA C PUKCHPOBaHHbIM (bepMHOHHbIM WCTOUHU- 
KOM B 3apsOBO-CHMMeTPpHYHOH Teopuu * HMeeT BHT: 


H =M(o7T4, + of,) + do, (APA, + BEB, + CEC,) — (1) 
Rk 
= 8 DR MA, + BGS, + AE + BID, + (C+ CDG — Ht | 


rye A,, B, u C, (Af, Be u Cf)—oneparopst yHuyTowenna (pox enHs) 
NOJOMKUTEIbHbIX, OTPHUaTeJIbHEIX H HEHTPaJIbHbIX MesoHoB; }, u >, (bt Hu 
b+) —onepatoppl yHuuTOxKeHuA (poxyeHua) HyKsOHOB; VY 2a Ry—opm- 
(akTOp HyKIOHAa. 

B cuay Toro, uTO Ama raMumbpToHMana (1) PusuueckuH BakyyM CoRMaaerT 


€ BakKyyMOM MaTeMaTH¥eCKMM, MPOTOHHBIK mponaratop ** Moxer ObITb 3anucaH 
B Be: 


S(t—t’) = i<0|T (duro (2) dap (t’) |, (2) 
Tye dyp (¢) — onepatop B mpegzctapmenuu TalsenOepra: 
d t 
j He — diol S—FHbuelt), drip 0) = oe (3) 


M3 (2) wu (3) cnenzyer, 4ro NpoTOHHBIM mpomaraTOp MOXKHO 3alcaTb B 
Bue CKaApHoro mpousBegenun S(t) = (D,, M(t)), rae DY, = fp |0> — amn- 
JMTYa COCTOAHUA C OAHHM MaTeMaTHYCCKUM MpOoTOHOM, a © (¢) — pemienue 
BUAOH3MeHeHHOrO ypaBHenua LI penuurepa 


jE = HO + O,8 (2) (4). 


c ycnopuem M(t) =0 npn t< 0. 


* 3apnyOBO-cHMMeTpHUHad Teopun Oblma Mpegzo*wena Kemmepom (°). 
** TouHO TaKHM 2Ke 06pa30M MOx*KeT ObITh PAaCCMOTPeH HM HeHTPOHHHIM mpomaraTop. 


7 69? 


Onepatop uncna HyKAOHOB bp¢,+ bb, uMeer yeTBIPe MMHeHHO HesaBilt 
CHMble COOcTBeHHbIe (PYHKILHH: BAKYYMHYIO, Be OMHOHYKJIOHHbIe WH OLHY ABY>q 
HykKJOHHYy1O. BakyyMuHaa Hu ABYXHYKJIOHHAaA KOMMOHEHTHI cpyHKunn © (2) pasyly 
Hymo. Baudy 3Toro B aJIbHeHWeM MbI OyeM BbINHCbIBATb TOJbKO OJHOHY!H f 


JIOHHbIe ~KOMIMOHEHTHI oynkuan (2). [pu 2TOM sleficTBHe BXOMAMLMX B A 


onepaTopos dpb + tn ee ee bade, Yodp—dndn cBonUTCA K JelicTBHIh 


00 0 
onepatopoB J = (6 1) O 0/3 Th qvoyreeees 6 Dp 
O6paz Pypbe Ms O (t) 


co 


g(E) = \ e Ot) dt =\e#tO (1) de (i 
( 


—co 


OyeM Ha3bIBaTb MpOTOHHOM dyHKuveH Tpuna. Bemegcrsue (4) mporoHHall 
qpyHkuna [puna noqynusetca ypasHeHuio 


(E— 4) g(E) = ©. (C 


Tipapuso o6xofza momocos dyuKynH [puna BblpakaeTcd CHMBOJIMUeCKO!® 
gopmysioh EE + ie (e > 0). 

Ec CuuTaTb, YTO BxO_Aulad B (1) SHepruaA Me30Ha WM, He 3aBMCHT Ch 
umnybpea k, TO 3aqaya O Haxox*KeHHH MpoTOHHOH dyHkuuu puna cBoxuTc 
K pelIeHHIO CHCTeMbl ABYX OObIKHOBeCHHEIX JIMHeHHbIX udcdepeHHaJIbHblle 
ypaBHeHHi BToporo NopsAyKa. i 

CoBeplWHM B BeLLeCTECHHOM MIpOCTpaHcTBe, HaTAHYTOM Ha onmepaToppl Z/h 
KaK Ha OPTOHOPMHPOBaHHbIN Oa3Hc, OPTOrOHaJIbHOe MpecOpa30BaHuHe, Mepenye 
K HOBOMY 6a3Hcy, COCTOALIeMy H3 QJIEMeHTAa 


M Kakoro-s1M60 OpTOHOpMHpoBaHHoro Oasnca {a,;} B TuMepmocKocTu, opTch 
TOHaJIbHOK K a, Take Ke MpeoOpa3s0BaHHA COBePWIMM M B MpocTpaHcTBaxe 
HaTAHYTbIX Ha onepaToppr B, u C, *, Ecau mooxKuTb wp, =-1, TO B HOBO! 
‘Oa3uce TaMVJIbTOHHaH (1) 3anMweTcA B Bune H = H,+ H, rye 


Ky = X(ai ay + bj by +c; cy), 


H = mheaneeemaeterey + b)t. eee 
g = Ngo (¢ 


B 9Tom cmyyae pelleHwe ypaBHeHHa 6 BbIpaKaeTcA B BHe npon2Bexe 


HUA BaKYYMHOM PYHKUMM TaMHJIbTOHHaHa Jl) Ha (PYHKUMIO, YAOBMeTBOpPAK} 
“MlyI0 YpaBHeHUIo 


(E — H)G(E) =®, (6), ( 


rye Oy) — BakyyMHad PyHKUMA ramusbTOHMaHa ata + b*b + cre. . 
Tener ned B ypaBHenun (9) Kk IUPeAMHTePOBCKHM TepeMeHHBIM xX, Y, Z| 


ta 


Px=—it O/Ox, py=—i O/dy, pz = —i 0/dz no dopmynam 
mee {3 om spt feria aw ey Cape a. C= OY 
x—iy=a+0, pyt+ip,.=a—bd*, z= Va? Pe. en (1) 


B pesyibTaTe nomyuum 
r2 + p?—3 > 4 an 4 
(E—M— Ss eet) era (11) 


* HetpyQHo BuxeTb, YTO MpH TaKOM MpeoOpas0BaHHH KOMMYTALLMOHHBIe cBOlicTBa one 
‘PaTOPOB YHHUTOMKeHUA MW POXRMCHHA MC3OHOB COXpaHAIOTCA. 
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- CoorBertcTByloulee OLHOPOMHOe ypaBHeHHe sABJIAeTCH ypaBHeHHem JByKe- 
Wa YaCTHIUbI CO CNHHOM 1/, B ctbepHy¥ecKH CHMMeTPHUHbIX MOTeHIHaJIbHOM 
MarHHTHOM MOJ1AX. 


SaBucumocTb (yHkuHu G or yruios 9 uw —P BbIpaxaeTca B BUze 


G(r, 8,0) = ae (r) (0) + v(r) a t ; (12) 


sin Qe’? 


me u(r) Ww U(r) YROBMeTBOpAIOT CHCTeMe ypaBHeHuli 


d? 
oo apt +r?—hz — 2gr 


(—u) (2) = (*) = ers (5) (13) 


d? 2 
— 2egr SS er eg 
Pre rhe = Meta, 


HetpyQHO BHueTb, YTO CMeEKTP COGCTBeEHHbIX 3Ha4YeHHH A, CaMOcompsxKeH- 
oro onepatopa L, Bxogsmero B (13), MuckpeteH. Peutenue CHCTeMbI ypaBHe- 
ui (13) MooxkHO NpefcTaBuTb B BHe paqa 


(in) ca Ste (at) Sh he (OY ay 


“ On (1) 


U, (7) 
“ae 4 —n-i coOcTBeHHbI BeKTOp onepaTopa L, 
1 


C= 2 Cena Un(r) rdr (d C= 1) ; (15) 
0 


n 


CoorBetcTBeHHO o6pa3 Dypbe MpoTOHHOrO Nponararopa (2) MoxKHO Mpey- 
CTaBHTb B Bue pala 


S(E)= Dee (16) 


MuoxectBo cOOCTBeHHBIX 3Hau¥eHHH FE, orpaHHueHO CHH3Y, TO cCJIeqyer 
3 OWe@HKM MHTerpavia 


d = (u(r), 0(r) L (81) ar. (17) 


Vuterpupya mo uacTaM, HaliyeM, 4YTO STOT MHTerpad paBeH 


KS \ (ey + (Z) +r? (u? + 0?) + 5 —4gruo} dr. (18) 
0 
Tak Kak 
r? (u2 + v0?) — 4gruv > (r — g)? (u® + 0°) — g? (U2 + Oy. 


\ (uw + v?) dr =1, To 


0 


E, > M—/,—*/2 g?. (19) 


C MoMOMLbIO BapHalHOHHEIX MeTOAOB MOXKHO YCTaHOBHTb, YTO MPH g*—>0o 
ciipapeyviuBa Ooslee TOUHaA (acHMNTOTHYeCKaA) OWeHKa: En > M —*/2 —*/2Q?. 
CyulecrBoBaHne MpenctaBseHuA (16) u orpaHuueHHOcTb cleKTpa coOcTBeH- 
HBIX 3HaveHuli E, mpeyctaBaser coOoH B paccMaTpuBaeMOH MOJe/IM aHaJor 

Teopempl UeveHa — Jiemana (‘). 
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Takoli »Ke pe3ybTaT MOXKHO MOJYYHT, ECM HCKJIOUMTh H3_ PaCCMOTPt 
HUA HeliTpambubie MesoubI (cp. (4,°)). YpaBHeHHe Aa PyHkKUAH puna mpr 
BOMUTCA B 3TOM CuIyYae K ypaBHeHHIO 


leet SER O2) ah —e]+e Oh }e= Se 6)-@ 


CoorsercrBy1ollee OAHOPOAHOe ypaBHeHve ABJIAeTCA YPaBHeHHeM BH 2KeHH 
yaCTHUb] CO CMHHOM 7/2 B WHJIMHApH¥eCKH CHMMeCTPHYHBIX MOTeHILMaJIbHO 
WM MarHHTHOM MOJIAX Mp yCJIOBHH, YTO NpoekWlWA ee UMMyJIbca Ha OCb 
paBHa HYJIIO. 

3aBuCuMOcTb (PyHKUHH G oT yrula ~ Bolpawkaetca B BUIE 


aN 


G(p,9) = {u (°)(6) + v(p) (7) eel (2) 


rae uw(p) u v(p) YROBAeTBOpAIOT CHCTeMe ypaBHeHHH: 


ae t gre + 2(E—M + 1) u + 2Qgpv.= 2 V Qe", 
(25 
Fa Gr + 2(E— M+ l)o + 2200 = 0: 


B sTom cityu¥ae Tak>xKe MMeeT MeCTO cC(OpMYyJIMpOBaHHbIN BBILLEe aHavic 
Teopemp! Uemiena —Jlemana. Hepapenctno (19) qua coOcTBeHHbIX 3HaveHH 
En 3aMeHsetca HepaBeHcTBom EF, > M—1—14/,9?. Kak 9To caeqyer ¥ 
pa6ot Beuntuema (1) u Tomonara (°), mpoTOoHHBI mponaraTtop np q?—>o0 


WMeeT TIPHOJIMKEHHbIN BUD 


co 
S ete S| so ¢ 
S(E) =e-0? 3 aS) eres (2 
os: I 


KoucTaHta Z2, C MOMOMI[bIO KOTOPOH ocTHraeTcA peHopMasH3alna cyH 
uuu Tpwua, B HallleM cJlyuae paBHa c?. B cooTBeTcTBsHH C BepOATHOCTHBI 
CMBICJIOM 9TOH KOHCTAHTbI BbIMOMHAIOTCA HepaBeHcTBa O<c?<1. Mex 


TEM MOXKHO MIPHUTH K 3aBeOMO HEeMpaBHJIBHOMY BBbIBOAY O CYLeCTBOBaHH 
<OTPHMaTeJIbHbIX BePOATHOCTeH» B PacCCMaTPHBaeMOK Mose, ecIM JONyCTHT 
H€3aKOHHY!O SKCTPaNOJALMIO POPMYVJIbI 29 = | — g*, cnpaBexHBOl BO BTOpO. 
MOpAKe TeEOPHH BOSMYLICHHH, B OONacTb g? > 1. 

B 3aksoueHHe aBTOpbl BbIpawKaioT YruyOoKyio OsaroqapHocth aKaJ 
H. H. Boromo6osy 3a BHuMaHHe K paOoTe M 3a WeHHbIe yka3aHua. Asropt 
OnarogapHbt A. A. JloryHosy u JI. B. UWupkosy 3a nonesxuie oOcy > JeHHs 
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B. M. ®PH]KHH 


POTOIJIEKTPETHOE COCTOAHHE HW JIKOMMHECHEHTHOE 
MNOCJIECBEYEHHE B ZnS 


({Tpedcmaeacno akademuxom A. B. lWly6xuKkoeum 15 VII 1959) 


B HeKOTOpEIX MpefWiecTBylouUx pa6oTax (boToaeKTper paccmMaTpuBasica 
aK aHaJlor BO3SOyXMeHHOLO JOMMHeCIeHTHOrO Kpuctasua (7). [pu stom noqyuep- 
‘MBaJIOCb, UTO yKa3aHHaA aHaJIOIMA ABJIACTCA B 3HAUHTEJIbHOH Mepe yCJIOBHOH, 
#aK Kak [WIA oTOSIeKTpeTa, OOaarollero BHYTPeHHeH NOMApH3allueh, Hapy- 
MlaeTCA YCJIOBHEe JJICKTPHYeCKON HeliTpasbHOCTH euHUUbI OObemMa P = N +n, 
He P — kouHuenTpallua AyipoK, N — KOHeHTpaluA MOKaNIM30BaHHbIX Ha 
| poBnsax IIPHJIMMaHHA BJIEKTPOHOB, f — KOHIeHTPalHA QICKTPOHOB MPOBoO- 
UMOCTH. ITO OOCTOATEbCTBO O3HAYAaeT, YTO B TO BPEMA Kak MIPH JIOMUHECIEHT- 
HOM BOSOyXKJeCHHH KPHCTasa (B OTCYTCTBHe NOIA) NpHAWNaHHe IICKTPOHOB u 
)OpasoBaHne JbIPOK Ha YPOBHAX AKTMBATOPA MPOMCXOANT PaBHOMePHO M10 OObeEMY 
<puCTaJiia (MOrsolWleHue cBeTa MpeAmosaraercaA paBHOMePHBIM), pH OOpa3s0Ba- 
MM (POTOSIeEKTPeTa HMeeT MECTO MPOCTPaHCTBeHHOe Pa3sfleseHue WbIPOK H JOKa- 
M30B4HHbIX SJIeKTpOHOB. Kpome Toro, y MHOrHX (OTOSIEKTPeTOB COOTBETCT- 
BYIOMME SIEKTPOHHBIe NepeXObI MOryT OpiTb BOOSIE Ge3bI31yYaTeIbHbIMH. OTHM, 
B YaCTHOCTH, OObACHHeTCA TO OOCTOATebCTBO, YTO TEMHOBAA JeNOMApPH3sallnA 
DOJIbIUHHCTBA HCCJIEHOBAHHbIX (OTOSIEKTPeTOB He COMPOBORKMaeTCA CKOJIbKO- 
HHOyb 3aMeCTHbIM CBe4eHHeM. 

| B paGore (*) 6b110 mpedox*eHo pellienve 3aauu 0 BOZOyKTeHUM HeaIbHOrO 
puctassodmocopa cBeTOM B OTCYTCTBHE IICKTPHYeCKOLO NOJIA MPH BbIMOJHeHHH 
yCNOBHH KBa3sMcTalMOHapHoro upHOsmMxKeHuA 9. MW. Aguposnua (?). B sto pa- 
OoTe Ha OCHOBe yKa3aHHOH BbIle aHaOrMH MmpeAnoaralocb, YTO BeJM4YHHA 
= P, nponopuuoHasbHad CBETOCYMMe, OJHOBPe€MeHHO MpONOPUHOHAJIbHa 3a- 
PAnY coTosmeKTpeta. 

Hamu ObiuI0 mpoBeweHo MapaiewbHoe uccesqoBanue doToseKTpeTHoro 
OCTOAHHA UM JIOMHHeCIeHTHOTO MocecBeyYeHHA B  NOJIMKPMCTAaJJIMYeCKOM 
ZnS, akTupupoBanHom Cu u Cl. C srofi WenbtO Mb MpOM3BeM OJHOBPeMeHHOe 
U3MepeHHe CBeETOCYMMbI, HaKOMJIAeMOM B OOpaslle MpH ero BOsOyxXeHHU CBETOM 
B OTCYTCTBHE MOA, HU 3apsAta POTOSMeKTpeTa, BOSHUKAIOWero B TOM Ke OOpasile 
npu Tex Ke yCIOBUAX BOSOyXTeHUA, HO B MPUCYTCTBUA NOA. OOpaslipl TOTOBU- 
IMCb M3 NOMMKpUcTasuueckoro ZnS, npHueM B KayecTBe CBASYIOWLErO HCMOJIb- 
30BaJICA MOJIMCTHPOW. 

Hsmepenne 3apsyja PoTOIIeKTpeTa MPOM3SBOAMIOCh JIAMNOBbIM 3JIEKTPOMET- 
DOM B COOTBETCTBHM C MeTOAMKON, NOAPOOHO onucaHHol panee I. HamxKkaKospim 
u H. T. Kautyxeepnim (3, *). U3mepenne cBeTocyMMbl OCYIIeCTBIANOCb C M0- 
MOULbIO (poroymMHOxKuTeIA DY-19, c BEIxXOa KOTOPpOrO CHrHad NOMapasicA Ha 
ocltnIorpah DHO-1. Bos6yxqenue OOpasiia mpoBolHOch PTyTHO-KBapleBou 
namnoH IJPK-2. Bpema o6myyeHud U3MeHAIOCb C MOMOLIbIO PoTosaTBOpAa, a 
U3MCHCHHeE MHTCHCHBHOCTH OO/yYeHHA MpPOBOMNJIOCb HeHTPaJIbHbIMM CBeTO- 
pusbTpamu. M3mepenue cyMMapHOM HHTCHCHBHOCTH M3JIyYeHHA Ha NOBePXHOCTH 
Opasila B upesenax or 320 yo 500 mp npoBoxusocb c NOMOUIbIO ybTpactuouer- 
Metpa BHMCH. 
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TlocneqopaTebHOCTh w3MepeHHii Opina caeyiouleH. OOpasell oOnyyauc 
B TeYeHHe OMpeeeHHOrO MpOMeXKyTKa BPe€MeHH B OTCYTCTBHE 3uleKTpH4ecKkor 
nous. B MOMeHT MpekpallleHHaA OOIyYeHHA C MOMOLIbIO pesie NPOUSBOANAC ih 
moaua BbICOKOrO HalpAxeHHA Ha CMOTOYMHOXKUTEb UW MPOMCXOAH OMHOBPE 
MeHHbIM 3anycK Kyle pasBepTKH OcliMorpada. KpuBan cnaa HHTeCHCHE 
HOCTH ToclecBeyeHuA choTorpadupoBaslacb HeMOcpeACTBeHHO C 9KpaHa OCI 
norpada. Usmepenue HakOMJIeHHOH B OOpa3lle CBETOCYMMbl B OTHOCHTCJIbHBI 
CAMHUUAaX MpOu3BOMMIOCb MyTeM HHTeErPHPOBAHHA MOJYYeHHBIX KPHBbIX. OF 
HOBPCMEHHO Ha 3TOM %Ke yCTaHOBKe MPOH3BOAMMaCcbh CepHA APyrux SKCMePpHMeB 
TOB, IPH KOTOPbIX OOyYeHNe OOpasila MpOUCXOANO MpH HalO%*KeHHH Ha Hen 
BHelllHero SleKTpuyeckoro mous. Ilocme npekpallenua OOJlyYeHHA H cHATH! 


a 
44 


WéZ— 


G on 


Puc. 1. 3apucumoctb sapaya PoTOSTeKTpeta u3 ZnS OT BeMUMHbI 

3HeEprHu M3yuenna El, nafatouleH na oOpa3zel, B npowecce nowsa- 

pusaunn. MuTeHCHBHOCTH H3JYYeHHA, HCNOMb3ZOBaHHbIe NpH NnosA- 

pusauun (B Btjcm?): E, = 4U0-10-®, Fy = 94-10-®, Es = 23-10-8, 
Eqz= 0,10°10-*, B= 140-10-° ee = 0 oom 


NOJIA MPOM3SBOAMJIOCh H3MepeHne 3ap Ada NOMyYeHHOFO (PoTOSTeKTpeTa MyTeM er 
WenOAPH3allHH Mp NOBTOPHOM OOsyyueHuH. Bo Bpema Aenouapusallun toto 
aeKTpeta HaOslOfaica paspafHpi ToK. HM3mepenue 3apsaya coroaneKTperé 
B OTHOCHTEJIbHbIX CAHHHMLAX MPOM3BOAMIOCb NYTeEM HHTEPPUPOBaHHA PaspADHOTC 
TOKa moO BpemeHH. IlosyueHHbie pesybTaTbl MpesctaBseubt Ha puc. | u 2 

Ha puc. | npescraBienbl pesyibTaTbl u3MepeHuli 3apada cboTosmeKTpere 
u3 ZnS B 3aBHCHMOCTH OT BeJIMYMHbI 9HEprun H31yyeHuA Et, nanarwueh Ha o& 
pasell npu noapnsauinu. Ilo ocu opquHaT OTMO2*KeH 3apA PoTosneKTpera B OT 
HOCHTCJIbHbIX CAHHHUWAX 3a BbINETOM 3apsAa, COOTBETCTBYIOINLeErO TEMHOBOH Nowa: 
pusaunu oOpasia. Ilo ocu aOctuce oro02%KeH NOrapudm 9Kcno3sHunun Et, npuuen 
WHTCHCHBHOCTb H3lyueHHA FE, usmepeHHan Ha MOBepXHOCTH OGpa3lla, H3MeHs- 
ach B npegxenax or 400 -107* zo 0,36 -107® Br/cm?. Bonee nogpo6upbie 2aHHBle 
O pe3yIbTaTax UCCMeEMOBaHHH PoToseKTperos us ZnS cojepxKatcsa B paGore (°): 

Ha puc. 2 mpefcraBenbl pesysbTaTbl H3MepeHHH CBETOCYMMBI, HakOMIAemos 
B ZnS pv Bo3OykReHHH B OTCYTCTBUE NOMA, B 3ABMCHMOCTH OT BeMYMHbI SHEP- 
ruv u3snyuenus Et, nafaiwulel wa oOpasell npu Bo3s6yxZennu. To ocu opaunat 
OTJIO%KeHAa BeJHYHHA CBETOCYMMbI B OTHOCHTCJIbHbIX eMMHHUAaX, a NO Ocr 
adcllucc —orapudm sKcno3suiun Ef. 

Kpuspie puc. / wu 2 mpesctapnenb B (opMe XapakTepucTH4eCKUX KPUBBIX 
cbororpaduyeckoro mpollecca, mpH4ueM B OAHOM Cay¥ae aHanorom ontuyecKot 
MOTHOCTH ABAAeETCA 3apAx CoTroaekTpeta, a B Apyrom — cBetocymma. 

ConocrapleHve pesyibTaTOB, MpecTaBeHHbIxX Ha pune. | nu 2, npuBonMt 
K CJle2y!OU4M BbIBOAaM. Kpusple puc. | u 2, XapaxrepusyroulMe poct cooTBer 
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WBEHHO POTONOMAPHsalHN M CBeTOCyMMbI B ZnS, uMmetoT Hachilllesue, O6Oyc0B- 
PHHOe Pa3JIMYHbIM MEX4HU3MOM. OTO pPa3JIM4Ne BUAHO M3 TOPO, YTO B OJHOM Culy- 
ne (puc. 1) kpuBas, coorBerctBytoman E = 400- 107° Bt/cm?, umeer HacpillleHne 
pu Et = 10-* pr-cek/cm?, a B Apyrom caryyae (puc. 2) Ana ananormunoli Kpu- 
pi HacbillleHHe HacTynaeT 3HaYHTebHO PaHbile — npu Et = 1074 pr-cex/cm?. 
a3 puc. 2 BUAHO, YTO TObKO pH OobUIOM pocTe nHTeHCHBHOCTH E (kpugas J, 
» = 2200-107 Bt/em®) Benm4unHa SHeEpruu, COOTBeTCTBYIOIaA HaCbILLeHUIO, 


jocturaer 107° Br-cex/cm?. Tem cambim HacpillleHve MIA KPMBbIX puc. 2 HacTy- 
faeT TPH SHAYHTeNbHO MeHbIIMX 3HAYCHMAX SHeprHn Et, vem anasoruyHoe 
#aCbILeHHe JIA KPHBbIX prc. |. M3 npez- 
aBJICHHBIX Ha puc. | nu 2 pesyuibTaTOB 
fu2HO, YTO B TO BPeMA Kak MpOLeccl 
| OpasoBaHua PoTOSIeKTPeTHOrO COCTOAHHA 
| ZnS (puc. 1) xapakTrepu3yetcs BbInovIHe- 
iMeM 3aKOHa B3aMMO3aMeCTHMOCTH (7), a0 
4aBMCHMOCTH CBETOCYMMbI OT 9HEPrHH BO3- 

by2KNeHuaA (puc. 2) xapaKkTepHbl pesKkue © 
PTKJIOHCHUA OT STOFO 3akOHAa, T. e€. CBETO- 
tymma He ABIAeTCA CPyHKWMeH TombKO Et. 
[luutenbuoctb Ha6mOaemoro mocsecBe- 
meHua B ZnS coctaBiser HeCKO/bKO ce- 
KyH, B TO BpeMA Kak cna PoTooeKTper- Z 

coro 3apaya B ZnS mpoxom«aerca He- Lt 

*KOJIbKO JlECATKOB 4acoB (°). Puc. 2. S3aBycHMCCTb CBeTOCYMMBI, Ha- 
Tlonyyenuple Bpille pesybTaTbI MOryT Konssnemoh B ZnS mpu Bos6yxAeHnH 
bITb OOBACHEHDI TEM, TO NPH HakoMVIeHHH PD icactrun Wouon ney Raromee 
}BETOCYMMBbI B ZnS OcHOBHY!O POJlb Wrpa- ya oOpasel B Mpouecce Bos6yxKTeHNA. 
HOT HaMMeHee riyOoKHe ypOBHH Mpuinna- {—E = 2200-10-§, sr/em’; 2—E= 
MA, C KOTOPbIX NMpOHCXOAMT TensOBOH == 400-10-6 Brjcm? 

epexO 9IeKTPOHOB B 30HY MpoBosu- 

MOCTH, B TO BpeMA Kak O6pa30BaHHe ycTOHunBorO oTOs/eKTpeTHOrO 
ocToAHUA B ZnS O6ycOBMEHO NOKAIN3allMeH 2MEKTPOHOB Ha HanOovlee ry6o- 
KUX YPOBHAX NpHAMNAHHA, COOTBeETCTBYIOWIMX 9HepruM akTHBaunu U > RT. 
NOJIHOM COOTBETCTBHH C KBa3HCTalMOHAPHbIM PeUIeHHeM, MOJIYYeHHbIM B pa- 
Tax (!,°), Mox%KHO 3anHcaTb CuleyIOulylO 34BUCUMOCTb CBeTOCYMMbI S OT Bpe- 
MeHK Bo30yxeHuA f: 


(o) 


k 
Sa SNR ANNCS Lith nave; (1) 
(S2=8y)FiconaniSs|F! 


5 ne at Me MEM) gp IME Nal =) 
a ate Fe LR et — Ny— Ne 2 Ny— No 3 
(2) 

1k npeacrapser coOoi BepoOATHOCTh Mepexofa SIeKTPOHAa MO AelicTBueM cBeTa 


B 30HY MPOBOAMMOCTH C 3aMOJIHCHHBIX YPOBHeH NpWIMNaHHA, NpuyeM Avia NocTa- 
TOUHO riyOOKUX ypoBHel (cboTosueKxTper) 


Meskp= 2 sé (3) 

WM JIA MeHee ryO6okux ypoBHelt 
Bese’ hy. Kage kotor C (4) 
3necb E — uHTeHCHBHOCTb BO3OyxKfalollero H3TyYeHHA, Ry — BePOATHOCTb 


TeMNOBOTO MepexOMa S/ICKTPOHA C YPOBHA MPHJIHMAHHA B SOHy MPOBOAMMOCTH. 
Cubicn ocTabHbIX O6O3HaYeHUH Obl yka3aH B paoore (’). 


779. 


3 seipaxennit (1), (2) u (3) cnegyer, ¥ro AA MocTaTOUHO PIyOOKUX yPOBHe |e 
NpWJIMMaHMA, YYACTBYIOUMX B OOpasoBaHuu toroseKTpeta, S ABsAeTCH PyHR| 
uneli ToubKo Et u, culeOBaTesIbHO, 34KOH B34MMO3AMECTHMOCTH BbIMOJIHACTCAlE: 
TIpu atom S, coorBercTByeT HacbillleHHI0 Hi, Kak CJlewyer u3 (2) u (3), He 3aBUCHIE 
ot E. B To xe Bpema v3 BbIpaxkenult (1), (2) u (4) cuedyer, 4TO IA MeHes 
rlyOOKMX YPOBHelt IIPHJIMMaHHA, OTBETCTBCHHbIX 3a JIIOMMHECILCHTHOE NOCJER 
cpeueHve ZnS, 3aKOH B3AMMO8AMeCTHMOCTH HapyllaeTca uM BemMUHHAa S;, COOThy 
BeETCTBYIOU[AA HACHILeHHIO, YMeHbIUaeTCA C YMCHbUICHHeM HHTCHCHBHOCTH H3Jy\e 
yenua E. Kpome Toro, MOXKHO NOKa3aTb, YTO B 9TOM CJly¥ae IPH YMeHbUIeHHH Jf 
3Hauenna Et, mpu KoTOpbiX HacTyMaeT HacbillleHHe, Tak?Ke yMeHbLUJalorca} 


3yJIbTaTaMM, MIpMBeeHHbIMH Bile. CnekyeT yKa3aTb, 4TO H AIA (PoTOIMeKTpeT | 
HaOuOJaeTcHh B HEKOTOPbIX CJTyYaAtX YMeHbUleHve 3apxAa, COOTBeETCTBYIOMer i 
HACBIILCHHIO, IPH YMeHbINeHHA MHTeHCHBHOCTH u3yueHHA E (puc. 1, kpuBa} 
nia E = 24-10-° pr/cm’). Oro noKaspiBaeT, 4YTO PH MCCeAOBaHHM KMHeTHK' ih 
oOpa3s0BaHuA (oTOSMeKTpeTa B COOTBETCTBYIOUNMX CydaAX CileAyeT YYUTHIBAT |e 
BeCPOATHOCTb TeMOBOrO Mepexofla 2eKTPOHOB C YpOBHeH MpHJIMMaHHA B 30H 
MpOBOJMMOCTH. y 

MoxHo cuHTaTb, YTO MapasebHOe HCCMeLOBaHNe CPOTOIIeKTPeTHOTO CO} 
CTOAHHA MW JIOMMHECIeHTHOrO MocuecBeyeHuaA B ZnS JaeT BOSMOXKHOCTH yKasartie 
Ha cneluduyeck yi0 pOuIb Tpex rpynn ypoBuek npusunanua. Ileppaa rpynna 9THIe 
ypoBueli (HanOouee rlyOoKHe YPOBHH) OTBETCTBEHHa 3a OOpas0BaHHe ycTOMUN® 
BOrO (OTOSMeKTPeTHOTO COCTOAHHA B AuaeKTpuKe. Bropaa rpynna ypoBHeiE 
OOyCJIOBIMBaeT TeEMHOBY!O MOMAPH3alMIO AMIIEKTPHKAa, KOTOPaA ciafaeT cy 
BPeMeHeM 3HaY¥HTeIbHO OpicTpee coTonomApHsalun (°). Hakonell, Tperba rpynme 
ypoBHel (HauMeHee ruyOoKHe YpOBHH) OTBETCTBEHHA 3a JIIOMHHeCIeHTHOe MOcMew 
cBeyeHue. 

Aptop mpuHocut raiyOoKyto OmarofapHocTb akan. A. B. Uly6uuKopy 3a BHM 
MaHHe K JjaHHOM paOoTe, a Take JOKTOPy (u3HKO-MaTeMaTHYeCKHX Hay) 
Bree Axuposniuy 3a px, WeHHbIX 3amMeyaHul u VW. C. Kenynesy 3a o6cykeHug 
pa6orul. 


Wncrutyt kpuctamorpapun Iloctynnsio 
Akayemun HayK CCCP 9 VII 1959 


HWMTHPOBAHHAA JIMTEPATYPA 


1B.M. ®pugaKkun, JAH, 121, Ne 4 (1958), 273. 4.Aquposnus, HekorToppi: 
BOMpOCbI TEOPHH JIOMHHeCHeHHH Kpuctannos, 1956. %T. Hagwakos, H.T. Kanye 
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Moxnane Akangemun uaykx CCCP 
1959. Tom 129, No 4 


TEOPH3UKA 


tO. A. HBAHOB 


NOJIOQKEHME WM CEZOHHAS H3MEHUMBOCTb ®POHTAJIbHbIX 30H 
B AHTAPKTHKE 


(ITpedcmaeazexo axademuxom B. B. Ilyaetixunom 10 VI 1959) 


B nocueqHee BpeMA B OKeaHOrpadHyecKoH JIHTepaType BCe Yale NOABJIA- 
OTCA paOoThI, NOCBAULeHHbIc H3YYeHHIO NepHoAMueCKHX Mpoleccos B Mope (!-%). 
TH paOoTbl, 0 CYLeCTBY, HAYHHAIOT (POPMHPOBATL HOBOS HalpaBuleHHe B OKea- 
OMOrHH, KOTOPoe ABJIAeCTCA JIOTHYCCKHM TepexXoJOM OT H3YYeHHA CpeHUXx 
tTallHOHaPHbIX MpoleccoB K KBa3HIepHOAMYeCKHM HM HeCTAlHOHapHbIM. Pomp 
KoleOaTeJIbHbIX H3MeHeCHHH, TlaBHbIM OOPa30M Ce30HHbIX, ABJIAeTCA olpejle- 
(MiouleH B peaJIbHOM PexKHMe TOPO HIM HHOFO Mpollecca, NoITOMY HCCIeOBaHHe 
)THX Ce30HHbIX H3MCHEHHH MpeCTaBJIAeT OCOOYIO BaxKHOCTb. 

B jaHHOH paOoTe-uCCIefyeTcA BOMPOC O NOMOXeCHHH WH Ce30HHbIX Mepeme- 
MeHHAX (PPOHTAaJIbHEIX 30H B AHTAPKTHKe. 

@poOHTaJIbHbIe 30HbI B OK€aHe MOXKHO OMNPeeJIHTb KaK PalOHbl C MAKCHMA@JIb- 
IHBIMH BePTHKAJIbHbIMA CKOPOCTAMH, HallpaBJICHHbIMH K MOBePXHOCTH Mops 
430HbI JMBepreHILMH) H OT MOBePXHOCTH Mops (30HbI KOHBepreHUHhH). Ja uccuJe- 
WLOBaHHA CPaKTOPOB, POPMHPYIOWINX BePTHKAJIbHbIe CKOPOCTH TeEYeHHA B OKeaHe, 
ibacCMOTpHM YpaBHeHHA ABH KeHHA. Ja 1oxKHOFO NOyWapuA OHM OYAYT HMeTb 


(6) (6) (6) 
57 — Arhu + ste + fo=—F, (1) 
0 (6) () 
5 Aso + 5, tye — fu = — FF. (2) 


Ocn x,y HalpaBseHbI COOTBETCTBeEHHO Ha BOCTOK HM cCeBep, OCb zZ— BepTH- 
ikaIbHO BHH3; &—IMPOCKUMA CKOPOCTH TeyeHHA Ha OCb X, U—HAa OCb Y; 
A—onepatop Jlanmaca; A; — Koappuuvent 6okoBoro Typ6yeHTHOrO OOMeHa 
KOJIMYeCTBOM JBHxKeHHA; f—Napametp Kopuosmuca; p—rvugapoctaTuyecKkoe 
WaBsIeHve; tz, tyz — KaCaTeJIbHble HallpA*KeHHA. 

| Jludbcdepenuupya meppoe ypaBHenve mo y, Bropoe NO X HM BbIMHTaA H3 
WBTOporo MepBoe, NOJYYHM YpaBHeHve BUXpA 


2 rotzU— Artots AU + ¥ rotzteye—f divU + Bo = 0, (3) 


rae 8 — u3MeHeHHe Mapametpa Kopxouinca c IUMpoToH. 
Ucnonb3ya ypaBHeHve Hepa3pbiBHOCTH 


Ou ou Ow 
By + ay ar ae 0 
ln uuTerpupys (3) or 0 go D, rgae D—rayOuHa TpeHua B CMBICJEe OKMaHa, 
nOJIY4HM 
' 0. 
2 rot, S— Ay rot, AS — rotzt |, + BSy = — Flap + 153 (4) 


15 JAH, r, 129, Ne 4 ory, 


sal toad ay + wach 


HY EMR Spe 
syecb S— nowt norok or 0 go D; Sy, =f uv dz—mpoekivaA MO/HOrO 110- 
0 
TOKa Ha OCb ¥. 
B ypaByeHut (4) HcnovIb3OBaHbl TpaHWyHble YCJIOBYA: 
0. 


mpy z= 0 rotzz72'= rotzs4| w= a; 


Z2=0" 


* IPH 2= D rote Txyz = 0; 
fotze 4 BUXPb KaCaTeJIbHOrO HallpAxrKeHHA BeTpa Ha MOBeEPXHOCTH OKedaHa: 


W — BepTHKasIbHad CKOpocTb TeyeHus; OF / Of — u3MeHeHHe YPOBHA BO BpeMeHH 

Heo6xoHMO OTMeTHTb, YTO NMOMOOHKIN MOLXOL K H3yYeHHIO BepTHKaJIb 
HBIX CKOpocTell TeYeHHA B OKeaHe, Mpefaraica B paOote Momma (*) 
Onnako Voumma, u3y4aa CTpyKTYpy BeEPTHKaJIbHOM CKOPOCTH rpasWeHTHOr< 
TeVCHHA, He pacCMaTpHBa culyyad 30HaJIbHOrO BeTpa, KOra BbIpaKeHHe 
ld BepTHKaJIbHOH CKOpOCTH TeyeHHA Ha TyOHHe TpeHHA yfaeTcA mMpescta 
BHTb Kak (PYHKIHIO TaHreHIMaJIbHOrO HalpAXKeHHA BeTpa. 

Jina pahona AHTapkTuYecKoro UWHPKyMNOJIApHOrO TeYeHHA XapakTepHbit 
BeJIHUHHbI, BXOAAUIHe B YpaBHeHHA HM TpaHWYHble YCJIOBUA, HMeIOT B CHCTeM 
CGS cuenyromue nopsayku: €~5-101, x«~ 108, y~ 108, A,~ 108, t~1 
S~ 104, B~2-10°, ¢~ 10", f~ 10%. Uncnennpie 3HayeHHA STHX BeJIM4YH 
flaloT OCHOBaHHe [IH OWeHKH BCeX YIeCHOB  ypaBHeHHa (4), onpemensrtoulH? 
BePTHKAJIbHYIO COCTABJIAIOWYIO CKOPOCTH TeyeHHA Ha TuyOnHe D: aif 


pe~8-10, SrotS~104, A;rot AS ~ 1078, 


rottc~10°8, BS, = 2-10, 


OcHOBHBIMH WleHaMH, (OPMHPyIOULHMH w Ha ruyOuHe D, saBsJIAtoTCA, Ka. 
BHAHO H3 oueHoK, rott uw BS,. MVnTepecHo oTmetTuTb, 4TO Mp BbIOpaHHbl: 
3HAYCHHAX XapaKTePHbIX BeJIMYHH YieH OOKOBOrO TYp6ysIeHTHOrTO OOMeHa H 
urpaeT CKOJIbKO-HHOYAb CYUIECTBEHHOM pOJIM B POPMMPOBaHHM BepTHKAaJIbHBL: 
cKopocTeH TeYeHHA, OoubWe Toro, ero powb GyfeT OcTaBaTbCA He3HaUHTeVIB, 


HOH 0 camoro Ha. B TO xe BpeMaA 4WeH ar fot S MoxerT crTaTb -cpaBHHMBI 


C OCHOBHBIM WieHOM rott|,_. MpH HHTerpHpoBaHuH ypaBHenua (3) or no 


BEPXHOCTH JO Ha, HOO B..9TOM CayYae NOMHbIH MOTOK 6yleT HMeTb NOpsTo 
S~ 10°. YuntTpipant MpvBeseHHble OW€HKH, YpaBHeHHe (4) MoxHO NepenHcaT 
B Bie. 

es fw = rott—BS,. (5 


_ B cayuae 30HauIbHOrO BeTpa, C Oo/IbIIOM CTeMeHbIO TOUHOCTH COOTBETCTBYIO 
wero YCJIOBHAM BeTpOBoro pexkuMa B AnTapKTuke, S, mpeqcTaBrsaeT NOWHbN 
MOTOK 4¥HCTO Apehdosoro Teyenus. Tora Bbipaxkenue (5) MoXKHO 3aNHCaTb B BUI 
rot t 8B 

BoipaxkenHe (6) ompeleiaxeT 34BHCHMOCTb BepTHKaJIbHOM CKOPOCTH TeyeHH! 
Ha r'vlyOMHe TpeHHA (roe Ona HOCTHraeT MaKCMMYyMa) OT TaHreHUMasbHOrO Hallps 
2KCHHA BETPa Ha MOBepXHOCTH MopaA. HccIeoBanne xe 3AaKOHOMEPHOCTeli pacnipe 
AeeHuA MaKCHMAJIbHbIX 3HaYeHHH BePTHKaJIbHbIX CKOPOCTeli TeYeHHA Ha TY 
OuHe TPeHHA TOXKACCTBEHHO H3YYeCHHIO MOJIOKeHHA (PPOHTAIbHBIX 30H. 

Takum o6pa30M, HCCJleqoBaHve (PpOHTabHbIX 30H B aHTaPKTHYCCKHX BOsa: 
CBOJHMTCH K H3yYCHHIO MPOCTPaHCTBeEHHbIX MH BPeMeHHbIX XapaKTePHCTHK TaH 
reHUHaIbHOrO HallpA2%KeHHA BeTpa. 

TaHreHi\vavibHoe HanpsxKeHHe BeTpa-no 20° E 6nio0 BEYMCeHO Ha OCHOBAa 
HHH KapTbI CpeqHero aTMocepHoro LaBsIeHHA AIA TpeX JIeTHUX MeCALEB 1OKHOr 
nomymapHaA 3a 1950 wu 1951 rr. (°). W3 puc. 1 Buguo, uro TaHrenunab. 
Hoe Hallps#xKeHHe BeTpa HMeeT Ba MaKCHMYMa B paiione-55° y 47° ww. uy’ 
u MHHUMYM B paiione 51°10. mw. Takoe pacnpezenenne TaHTeHILHaJIbHOrO Ha 
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DAMKCHHA BETPa XaPaKTePHO Aid BCerO AHTAPKTHYECKO"O \BOAHOLO KOJIblLa; HOO 
10 OllpeeAeTCA OOWMMH JIA BCeli AHTAaPKTHYeECKON OOMACTH YCJIOBUAMH BeT- 
DBOrO PexKHMAa, KOTOPbIM (OPMUPYeTCA B Pe3YJIbTATe B3aHMOLeHCTBUA CYOTPO- 
HyeCKoro. Mosca BbICOKOrO MaBJIeHHA, CYOAHTaPKTHYeECKOM JeNpPeCCHH B CPeHUX 
MpoTaxX MW aHTaPKTHYeCKOFO AHTHUMKIOHA Had. AHTapKTHAOH. OkcTpeMaJIbHbIe 
pIHUHHbI TaHTeHUMaIbHOrO HaMpAXKeHHA BeTPa OOYC/IOBJIMBAIOTCA UWNPKYJA- 
eH Ha 1OxKHOH NepndepHu cyOTponuyecKHX aHTHIMKJIOHOB HW Ha CeBepHoli 


00 10 eee a aa a 3 sel al mk 
| gees . . “VV UMMRK MMe eo 
By Mecalol 
ce. 1. TaurenuHambHoe HampsxKeHHe ~ Pue. 2. H306app p = 990 M6 (/) u p = 
BeTpa BJOb MepHAvaHa 20° E .. ==1015 M6 (2) B pasmnunoe Bpema roya} 


| ppucepun, cyOaHTapKTHYeCKOH Jenpeccuu, a 30Ha BOCTQUHBIX BeTpoB (OTPHILa- 
IbHbIC 3HAYeHH SI t) OMpedesAeTCA WH pKyialHen Ha CeBepHOH Nepudepuu KOHTH- 
PHTaIbHOrO aHTHUMKIOHA H Ha }OKHOH nepudepun cyOanTapKTHYeCkoOn nempec- 
ku. B coorsercTBHH C yKa3aHHbIMH WeHTpaMH JeHCTBHA B palioue aHTa pKTHYeCKUX 
WL BbIeIAIOTCA Ba aTMocdepHbIX pouta (°): NoJAPHBIM, KoTOpHI pacnowa-: 
HETCA BJOJIb KPOMKH JIblla, H cyOTponuyeckuH. B Teyenve rofa MosomKeHHe 
ux (PPOHTOB CYLIeCTBEHHO H3MeHAeTCA. OceHbiO 10X%KHOrO NMOJyuIapHA OHH 
eIOT CaMOe 102%KHOe MOJO*KeHHE, a BECHOM MAKCHMAJIbHO CMELIeHbI K CeBepy. 
A XaPaKTePHCTHKH Ce3OHHbIX CMeleHHH OapHueckux CcucTem B AHTapKTHKe 
D CpeHeMeCAYHbIM KapTaM aTMoCdepHoro AaBeHHA (*) OblIH NOCTPOeHbI KpH- 
b@ 3aBHCHMOCTH NoOKeHHA u306ap p = 990 MO uw p = 1015 M6 oT Bpe- 
PHH Tojia (cM. puc. 2). M3 pucyHka BUAHO, 4TO B HOAOpe H306apbI 3AHUMAIOT 
DaHHee CeBepHoe MOJO*KeHHe, a B Mae — KPaliHee 102KHOEe, parent cpenHas 
MMIATY a cMeuleHui paBHa 4°. 
| Takum o6pa30Mm, HcCJeqoBaHve Noa atMoctbepHoro. AaBeHHA TMPHBOUT. 
; BbIBOLY, YTO BeTPpOBaA 30Ha B AHTAPKTHKe, CYWICECTBEHHO He H3MeHAACh B Te- 
Hue rojla MoO CTPyKTYpe, HCMbITbIBAe€T 3HAYHTEJIbHbIC. MEPHAHOHAJIbHbIe CMe- 
icHHA OT BECHbI K OCeHH. OTOT BbIBOA MO3BOACT ATH POR CEM ED AB aT Move BeT- 
DBOTO HaNpsKeHUA C/eYIOULHM BbIPaxKeHHeM * 


Be Le. 58° + 4° sin (30% + 180°) < y< y< 
RVs <70°4 4° ee + 180°); 


() 


‘| 7 
i = A+0, 4sin(—40y zr 2320°), 42°15’ cp 4° sin (3 0°%¢ oe 180°) <y< oe 
ae... Sete nai sini BO" A 180°); 
| | y= y! + 4° sin (30°% + 180°). : 
Oe raniins (7) B (6), MOXKHO MOJYY4HTb BhIpaxKeHHe [VIA W Kak aetae 
DOCTpaHCTBEHHOH KOOPAHHATbI H BpeMeHH: 
p= 1,2-10°4 + 2-1075(0,12 y — 7,8), 
! 58° + 4°sin (30° + 180°) << y< 70° + 4° sin (30°¢ + oe 
— 16-10°*cos (— 40 y + 2320°) — 2-10°°[1,44-0,4 sin(— 40 y + 2320°)], 
42°15’ + 4° sin (30°¢ +. 180°) << y <58° 4+ 4°sin (30° + 180°); 
y=y' + 4°sin (30° + 180°). 

* Aprymeut dbyHkunu sin (— 40 y + 2320°) sanucaH B HeECKOAbKO HeOObINHOM BUTE AIA 

lO6cTBa pacueTOB, IIpH KOTOPbIX ¥ BXOAHT Kak WHpoTa MecTa.. 


TID 


V3 spipaxkenua (8) MOxKHO HaliTH 3HaveHHA Y, IPH KOTOPbIX BepTHKAa\VIbH |f 
cocTaBJIAIOWad CKOPOCTH OCTHTaeT MaKCHMYMa HJIM MHHHMYyMa, ApyriMH Ca) 
BaMH, OMPeeIHTb WIMpOTHOe MOMOKeHHeE PPOHTAJIbHbIX rire 
BeJIHYHHbI BEPTHKAaJIbHOH CKOPOCTH TeYCHHA PaBHbl ++ 1,6-10-% cm/cex. Ilo 


KeHHA (PPOHTAJIbHbIX 30H IIPHBeAeCHbI B Tao. 1. 
Ta6aumal 


* 
Tlomomenne (PpOHTaJIbHbIX 30H B pa3JIHUHble ce3OHbl roya 


| 62° 53° | 57250 | 54° bps 53 49°,5 49° 48°,5 45° 44°,5 402) 
ee ee Ge ee De ee ee ee eee 
3 AIL AK CALL CTK i 
Becta AL AK CALL ct) 
Jleto AI AK CAL Chk 


Ocenp} AL AK CA CTK 


* AJ] — antapKTuyeckan AuBeprenuna, AK — anTapKTHuecKadA KOHBepreHllHaA, CAD 
cyOaHTapKTHYecKan AuBeprenuna, CTK — cy6tpomuueckad KOHBepreHuua. 


PesyubTaTbl pacueToB, NMpHBeeHHbIe B TAO. 1, MOKa3bIBalOT, Y4TO B Ape,| 
JlaX aHTapKTHMyeCcKoro BOAHOrO KOuIbia (70°—40° 10. ul.) MOXKHO BbIZeMTb & 
TbIPe (PPOHTAaJIbHble 3OHbI: AaHTaPKTHYeCKY!O JMBePreHIHi0, AaHTaPpKTHUeCK) 
KOHBepreHMl0, CyOaHTapKTHYeCKYIO JHBepreHHlo H CyOTPONHYeCKY!0 KOHBE 
renwuio. CyOaHTapkKTuyecKkad JMBepreHiHaA Ao CHX Nop He BbifeAach, }} 
CMOTPA Ha OYCBHAHbIN (akT, YTO HaJIM4He ABYX KOHBepreHWHH, He pa3sjevleHH | 
JMBePreHUMOHHOH 30HOH, He MOXKeT YAOBJICTBOPHTb YCJIOBHIO HepaspbIBHOC’} 
OrmeTHM, 4TO NOJIOXKeHHE HW TOPH3OHTAJIbHaA CTPYKTYpa 3TOHM 30HbI He PO’) 
BopeyaT pacnpefereHuio rHAposorMyecKHX XapakTepucTHK. M3 taba. 1 Tak} 
BHLHO, TO (PPOHTAJIbHble 3OHbI HCIbITbIBAIOT CYILECTBEHHbIe CMeILeCHHA B TeYeH| 
rola, 3aHHMaA CaMoe CeBepHoe MOMOKeHHe BECHOM HU KpaliHee 1OxKHOe OCeHb! 
pHyeM CpeqHAA aMMIHTYAa STHX CMeULeHHH paBHa 4° mmMpoTE. K coxaeHh! 
B HacToAlee BPeMA He HMeeTCA LOCTATOUHOFO KOJIHYeCTBa MeTeOpOIOrHyecK 
WM THApOMoOrHyecKHX aHHbIX, KOTOPbIe MO3BOJHJIH Obl WeTaIH3HPOBaTb Mpt 
JIO*KeHHY!IO CXCMY, OAHAKO HB TaKOM OOUIEM BHeE OHA BHOJHE YAOBJETBOT 
TeJIbHO COrslacyeTCA C T€MH HeMHOFOUHCJICHHBIMH JaHHbIMH TFHuAposorMyecK 
HaGOsOeHHH, KOTOPbIMH MbI pacnoviaraeM. 


MuctutyT okeaHonorun Tocrynuao ; 
Axkajemuuw Hayk CCCP 8 VI 1959 


UWMTHPOBAHHAS JIATEPATYPA | 
Cc. OD. Iselin, F.C. Fuglister, J. Mar. Res., 7 (3) (1948). * Baca 
gli ster, J. Mar. Res., 10, Ne 1 (1951), * K. H. Degopos, JAH, 116, Ne 3 (19 
Ioshida Kozo, Han-Lee Mao, J. Mar. Res., 16, Ne 1 (1957). 5ST. M. Ta 
6 ep, Mereoponorua wu ragponorus, Ne 1 (1956). ®T. M. Tay 6ep, Anrapxruka, . 
1956. 7” Mereoponoruyeckuit Sionetenb Llentp. HHcT. nporHo3os, M., 1958, 
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Jloxnagn Arkanemun nayx CCCP 
1959. Tom 129, Ni 4 


FEO®H3HKA 


b. H. TPYBHHKOB 


IPOCTPAHCTBEHHAS 3AMAYUA OBTEKAHHS BO3SBbILIEHHOCTH 
HEOPPAHHYUEHHbIM CBEPXY BO3]YUIHbIM TMOTOKOM 


(ITpedcmaeaeko akademuxom B. B. Lllyaetixunoim 27 VII 1959) 


| [IpocrpancrBeHHasd 3afaua O6TeKaHHA TOPHO! BOSBbILeHHOCTH BOSJYUIHbIM 
OTOKOM HMECeCT 3HaYeHHe JIA aHalu3a yCJIOBHH padoTH aBHalluu, OOpasoBaHuA 
OaKOB HW OCaKOB H T. A. Ona Oplia paccmotpexa B (1?) Avia rop NpOHSBO/IbHOH 
SJOpMbI HM NOTOKa KOHEYHOH BHICOTHI. Petlenuna 3aqauu B Culyuae HeorpaHHyeHHort 
O BEICOTe aTMOcdepb! Semiu NowyyeHb B (3~°) WHIb WIA YaCTHBIX mpoduseii 
O3BbIWeHHOCTH. IIpexctraBseT HHTepec MOMYUUTb pellieHve Wid HeorpaHHueH- 
OH N10 BbICOTe ATMOCHePbI H BOSBHILICHHOCTH MPOW3BOJIbHOH PopMbl. 

ByJeM HCXOJUTb 43 OCHOBHOH CHCTeMBI ypaBHeHHii ru poMexaHHKH MU TepMO- 
MHaMHKH HleaIbHOH KUAKOCTH B MpeANOsIORKeHHH alMaOaTuYeCKOrO H CTAaLLHO- 
japHOro mpoliecca 

4 


UU, + Vly + WU, = arene + lo, 
uv, + Vy + WU, = —— P,— lu, 
UW, + VWy + WH, = ——P.—g, (1) 


(up)x + (vp)y + (we)z = 0, 
opr (uPe+ 0Py + wP.) — (ups + Upy + Wpz) = 9, 
P= oni 


€ u, UV, W—KOMMOHeHTHI CKOpocTH BeTpa; P, p— aBJeHHe HW MJOTHOCTD 
o3nyxa; T—Temnepatypa; / = 2Qsind—napametp Kopnosuca (22— yrao- 
ad CKOpocTb EBpalleHHaA Semuu, — wupota mecta); R—ra3so0BaA nocTosHHast 
JA BOSyxXa; x = Cp/Cy; Y— YCKOPeHHe CHJIbl TAKECTH. 

CyntTad, 4TO BO3BbILICHHOCTb BHOCHT JIMIUb MaJible BO3MYUJCHHA B OCHOB- 
0€ TOPH3OHTaJIbHOe JBHXKeHve B aTMOCepe, MOJaraeM, uTO pellieHHe MO?KHO 
}PeAcTaBuTb B BHZe 


MW] 
1 
y 


oe ww, PHP EP) pape, THT) 


le u—BeKTOp B aTMoc(pepe Ha OeckOHeyHOCTH C HaBeTPpeHHOh CTOPOHbI BO3- 
4DILIEHHOCTH, NOCTOAHHBI mo BemMunHe; P, p, T — 3aBHCAIIHe TOJIbKO OT BbI- 
OTbI Z JjaBsIeHHe, MJIOTHOCTh HM TeMMepaTypa B 9TOM HEBOSMYLICHHOM OCHOBHOM 
oroke. I]tpuxamu OTMe¥eHbI COOTBETCTBYIOMIWe BeJIMYMHbI VIA MaJIbIX BO3- 
yUleHHi, BbISbIBAeMbIX TOpOH. 

Tiogcrapiaa (2) B (1), mpeneOperaa uneHaMu, KBal|paTHUHbIMH HJM Coviee 
IKbICOKUMH OTHOCHTeJIbHO BO3MYINeHHH HW HX MpPOH3SBOAHbIX, HW MepexoyA, aHa- 
horuguo (°), mo dopmy.iam 


, stele 4 2 OK pw OGY 
Bees eG dala Gilingny ait 
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K KOMMoHeHTam €%,:4)9,C’ ‘emeteHua’ aJleMeHTa’. JIMHHM’ TOKa,\C KOOpAMHATA! 
X, Y, 2 OT MOJOXKCHUA B HeBO3MYIJCHHOM TOTOKe, MOJIYYHM COOTBETCTBYIOUR) 


(1) aMHeapw30naHHy!o cucTemy ypaBHeHu. MVickmouas ’, v, P’, °° na 


Haliqem ypaBHenne JA (byHKnMH ae 
fan pe 


(s am ki) (sa te <a) ae e& ae a= 1) — BR (a a ki) a as ri) | 


C MOCTOAHHBIMH: : sROERD IPAM: “cr, sES Kate 7 “ “ya 


(OO REE PRREEE ES ROSE telar i EAS, 
(aes = to, 3 = — Pee ’ Re =p B= —— 
STUeY NO asia 2T u } V «RT 


Me Ya— CyxoaguaOaTuuecKkH TemnepaTypHbli TRaGE i ooTeMRED ST 
rpafWeHT B OCHOBHOM. MOTOKe. ' 
Ypapuenue i) pewlaeM Mp CJleqyroulHx YCJIOBUAX! 


cpa tne Gl Oke sith: oy Mazon Ue ee 
(B HaBeTpeHHOH 1acTH Cops); ( 


Sleae =V pot, w | . 

Fe C1 (x, y\-— ypasuenue loBepxHocri TOpbl; (>) = 9 (0). _Kpome TOT 
Coo npn Vy? + 2? —> 09. 
TlocrapienHaad 3alaya ‘pemaeTca onepalwoHHbIM MeTOOM C HCMOsb30B} 
HHeM J{ByXCTOpOHHero mpeoOpasoBanua Jlanmaca mo x. 


Beugy (4) Bo3MoxKHO cBecTH (3) K ypaBHeHMIO Jia u300paxKeHHA 4, COCH 
BETCTBYlollero opurnHauly € 


+ + st a th =0, (i 

rye 
ppt (lesa go, (1 B*) pt + I(t — 8) Ai — BR} — Sh] — BE (sf + BAR) ( 
prt ky pet ke | 


Pemenne (6) npn ycioBuu pacceMBaHua 9SHeprHH BO3MYLIeHMA Ha 6eck 
HEYHOCTH WM Mp ycuiopuu (5) MoxkeT ObITb HanucaHo cpasy: ; 


Lise 2, \ 5(p, 9’) LHS (eRi) — H (RR) dy’ ill 


8(P, ¥, 2) = ee 


XN 
i 


rae 
Hy (poy \ h(x, y)e-* dx, (| 


3 | 
2 Rie = ly — 9) + Gays (1) 
AY? — bynxuna. XaukesIA NepBoro pogxa HysmeBoro nopsapKa. | 


M3 cnextpambHoro pa3siioxenua Hy” mu usBectHoi cbopmyab Sommepderl 
a HeTpyiHo HaiitH cooTHoUeHHe 


Ho EC ee | 
AO) = = Breer Re (1) 


Tw 


rae J) —yHkuua Beccena mepporo pogxa nyseBoro nopaaKa. 
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Vicnompsya (7) u (11), mepenumem (8) B cbopme 


5 tt, bai Yo tices ee, Y, 2). = _ — sa {%) (12) 
Vin arc (pt ky” (99 + #8) ily (@R) — Jo (2) see 
Ad: aay bh (p, py) AH ace — 1008) ode dy! 
Brie 19. — Ce) Aj 4 7 ae Oe) Mee ihe 
fF tp, @) =< 0B ot + Fat — — PE SEL — oth — HB t+ PD, 
a! im a Roe é 
sealig ly w+ pp ae +a] 


YuuTbibad BO3MOXKHOCTh IpHMeHeHHA K « (12) PEE aOR a On 
uHTerpHpoBaHUs oMmepaTopa Mo napamerpy, ana OPHrHHaJIbl, COOTBET- 
Feeyomme u300paxkeHHsAM COTO OL Hasan Rie 


+k 2th Toarsg7roos 5 (PL) (Gly atm 
oS) Hv) mie tee 
p+ k 
Jf An G& (p) = F (p; ©) 1 1, (PR1) —Jo(@Ra)l. 4 (14) 


Vicnospsya (9) u Teopemy o cBepTKax JA _ Hso6parxents (13);- nerKo. mo- 
JYYHM COOTBETCTBHE sf 


fee ae Os = 
i) 


(aah or entre eA x—x', J yde ae, ) 
0° 0 ee gir? Boer 


P+ ky! 


D(x’, x") =k, [—— > (hi — 8) Jo (ax" )|y tkexi—x,  “s ~—(16) 
| f ; : as aor 5 = ‘ ; i ae 
irae MpH ompemeneHuH mpemeOB WHTerpHPOBaHWA YUHTbIBAIOCb CBOHCTBO 
HA(x, y)=0 npn x <0; Jy— (pyHKWAsA Becceia nepBoro pola nepBoro nopadKa. 
OpuruHa., ‘COOTBETCTBYIOUMH M300paxKeHHIO (le -ORpemeaeM MO -MHTer- 
aJIbHOH (opmyse OOpallleHHA C MOMbIHTerpaJbHOH cyHkuveH G(p)e*, Bpi6u- 
ai MOCTOAHHyIO ¢o B Mpefelax WHTerpHpOoBaHHsA TaKHM OOpa3oM, 4TOObI 
OecileuHTb cyllecTBOBaHve cooTBeTCTBylolero mpxAmMoro uHTerpasa JIanmaca 


euo 


Yerpipe momoca dyHKunu & (p) e* pacnos0xKeHbl Ha MHHMo H Bene 
CTBEHHOM OCAX CHMMETPHYHO OTHOCHTeJbHO Hayaia KOOpAMHAT: 


Ata’ y% oy a ab ys 
— tye TE1O, 134 = ET; o=Lea= * ’ rs lereal cy Gx) 
rae om, . | 7 
i == i yee tae : Peg ery gaint H ; ee) 
m= {[(1 — 6?) k? — 9° — (s? + Bes)? + 4 plies BI [RS (sf + gk) + kg ls 

OuepugHo, uTo O<o <r. 

Cpeqa OObINHBIM cnoco6oM BbIuMcsIeHHe MHTerpana Pumana— Mesununa 
€ MOJbHTerpasbHOH cbyHKuneh © (p)e’” K BbINHCJIEHHIO KOHTYPHbIX MHTerpa- 
NOB W MCiOMb3yA JeMMy Kopnana mpu x >0, x <0 u Teopemy Kouin. 0 BbI- 
yeTax, HaliqeM, 4TO H306parxKeHuto (14) COOTBETCTBYeT el See: Bua one 
JIAEM SaBUCHMOCTH ° TONBKO OT x): i ; a 
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i \ 


mpH x <0 | 
2 k? o 0 rx, | 

gals) = — Fat a(R) — Jo RMLs (as) 

npx x >0 | 


2 


o? — 24 : | 
£1 (x) = poe (pRi) — Jo (pRe)] sin wx — —, ~ [Jo (@Ri) — Jo (Rae F 


; w? — Rk? es aie 
Ria =| oy sage = 2] , 


fire wes ]’ 
Z 2 : 
ape | + 2) 


Ria = [Y —y?+ 


IIpuMeHasd MpaBusio NOBTOpHOH cKaqKH K pousBemenuto (12) usoOpaxke 
HHH (13), (14) c cooTBeTcTByIOWlHMH /opurnuasiamn (15), (19) u anddeperg 
WMpyt BbIUHCJIeHHbI OpHrHHas no 2° mpH z’ =O, HaHJeM OKOHYATebHOl 
BbIpaxkeHHe Jia C’: 


mpH x <0 | 
U py Var Z , , - "\ dx’ dy’: 208 
G(x, 2) = (22) \ [ D(x, y, z x yA(e, 9) ay: ( ) 
0 —co 
npy x >0 
BU ti te 
C263 Yic2) = (4) \ \ [D, (x, y, 2; x’, y’) + 
p 0 —co 
+ OD, (x, y, 2; x, yh (x, y') dx’ dy, (215 
rye 


co & E—x’ 


aie ay [\ CM 008 prev ag] | O€—¥, 8) ae 
Th, = sf \o4 a4 Bs 0 <a 2 %1 1> 


x 0 Ros } 
x 0 Ex’ 
=~ et (P+) 2J1 (PR), ee) a d 
= \ ae | 2A (r2 4 kyr Ro és de| (§—x’, &) de, 


ay 


¢ (w? —1h4)? 2Jy (oR) : 1 
A (w— RR) @ 0 sino (x— 8) dp| \ @ (§ — x’, &,) d&, 
0 


sty ( ae[ ; 


| 
8 
cea Oem 


rye h, ©, r, w, A onpexenatorca uz (5), (16) — (18). 
M3 BplparkeHHli JIA COOTBETCTBYIONIMX (PYHKIUM BIMAHUA HETPyAHO BHeTb; 
uro (20) mpeacraBaseT coOoH NoxbeM JIMHUi TOKa B HaBeTPeHHOM YacTH 3a- 
Aouro AO BOSBbILIeHHOCTH, (21)—cucTeMy MO{BeTPeHHbIX BOJIH HM SKCMOHEH- 
UMaJIbHOe BO3MYLeHHe JIMHHH TOKa, 3aTyXxXalollHx Ha 6eCKOHeYHOCTH. | 
B 3akJuoueHve MpuHOUly riy6oKyio OlarofapHocth mpod. A. ®. Ttio610Ky 
3a MOJI€3HbIE COBETbI HW OOCyKJeCHHE pe3yJbTATOB. 


MockoBckvit rocyapcTBeHHbIt yHHBepcHuTerT Toctyniso 
uM. M. B. JlomoHocoBa i 9 IV 1959 


UMTHPOBAHHASA JIMTEPATYPA 
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ney, A Publication of the Dep. of Met. of the Univ. of Chicago, Misc. Rep., Ne 23 (1947). 
* E. Palm, Geofysiske Publikasjoner Geophysica Norvegica, 20, Ne 3 (1958). 
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Jloknxagn Axkayemunu nwayr CCCP 
1959. Tom 129, Ne 4 


TFEO@®H3HKA 


C. A. YUUAKOB u I. E. JIASAPEB 


OB H30CTATHYECKOM MNPOrFHBAHHH 3EMHOM KOPbI 
B AHTAPKTHJIE NO TADKECTbIO JIEMOBOH HArPY3KH 


(IT pedcmaeaeno axademuxom J.-H. Hlep6axoeeim 4 V 1959) 

| CelicmuyeckHe HM IpaBHMeTpH4ecKHe HCcCeqoBaHHA Ha AHTAapKTHYeCKOM 
epuke H BOIH3H ero GOeperoB alOT BO3MOXKHOCTb HCCJIELOBaTb BOMpOC oO 
AHHH BHeWHeH Harpy3KH Ha 3eMHy!0 Kopy. JlaHHble ceHcmMuMyeCKOrO 30HAH- 
}\BaHHA NOSBOJIAIOT OWCHHTb MOLLHOCTb JIba H, CeAOBaTeIbHO, CO3aBaeMyto: 
BHelWHIOIO Harpy3Ky. Ha ocHOBaHHM pe3ysbTaTOB rpaBHMeTPHYeECKHX Ha- 
HOJ@HHH MOXKHO PeWIHTb BONMpOC, KOMMeHCHPOBaHa JIM 9Ta eMOBaA Harpy3Ka. 
Kak BHJHO 43 CX€M AHOM@JIHH CHJIbI TARKECTH, COCTABJICHHDIX VI. JI. PKou- 
nospuyem (?) u TaHHn (°) (B pelykuuax Mas u ugocTraTH4ecKkol), miaTdopMbI 
}CHOBHOM H30CTaTHYeCKH ypaBHoBelleHbl. M3ocraruyeckue aHOMaJIHH, ocpes- 
HHbIe Jake 10 OAHOrpayycHbiM ksleTKaM, peqKO mpeBocxogaT ++ 50 mra (°). 
reovlorHueckuM aHHbiM, BocrouHyio AHTapKTHAy CUHTAIOT THNHYHOH Apes- 
naatpopmol (7). [lostomy c 6oubwWO BEpOATHOCTbIO MOXKHO MPeANOOXKUTH, 
Bocrounans AHTapKTHya WO OmeeHeHHA, KOTOPOe HaCTYNHIO B HeaBHee: 


HeQOBATeJIbHO, JO OeAeHeHHA H3OCTATHYeCKHe AHOMAJIHH HW OH3KHe K HAM 
) BelMuHHe (cormacHo C. B. Expceesy (1) u JKeddpucy (°)) ocpeaHeHHbIe: 
omamuH Paw JOUKHbI Opvin ObiTb OH3KH K HywioO. Ecau onoHHTeIbHaA 
irpy3Ka, Co3aBaeMad JIbJOM, H30CTaTHYeCKH He KOMMe€HCHPOBaHa, aHOMa- 
iM Das OJKHbI YBeIHYHBATbCA OT Oepera B TviyOb KOHTHHeEHTa mponop- 
IOHAJIbHO YBeJIMUeCHHIO MOLWIHOCTH JIbjla. 

| Jlanupie no npodusio of craHunu Mupupiii Jo cranunu Boctok, a Take rpa- 
iMeTpHY¥ecKHe HaOwIOJeHHA B MpHOpexKHOH 3oHe mops JleHBuca B conocTaB- 
HHH CO C/\eaHHbIMH B 3TOM palioHe celHicCMH4eCKHMH OMpeeyIeHHAMH MOLWHOCTH 
$14 WU SXOJOTHBIMH TpOMepaMH TvIyOHH NO3BOJIAIOT PaccMOTpeTb BoMpoc ‘06: 
hocraTH4ecKOM papHopecuu AutapKTuspl. Jia sToro Mbl NOWb3yemcA ocpel- 
HHbIMA aHOMauAMH ®as. Pafuyc ocpesHeHHa”, cormacHo C. B. Esceesy 


j 
npHuumases papupim 118 xm. AHamu3 ocpeqHeHHbIX aHomaHH Das u co- 
DCTaBJICHHe HX C JaHHbIMH CeHCMO30HAHPOBaHHA NMO3BOJIAIOT ClelaTb BBbIBOL,. 
fo H3ObITOUHaA Harpy3Ka, Co3aBaeMaa JIbJOM, B OCHOBHOM, H30CTATHYCCKH: 
PMIICHCHPOBaHA, a OTJCJIbHbIe NOKAJIbHbIC AHOMAJIbHbIe 30HbI OOYCJIOBJICHBIL 
MeHeCHHAMH pebeda MOCcTHIalollero KaMeHHOrO J10%«Ka. 

| TleticrsutenbHo, ecm B aHOMasMH Pan BHeECTH reosOrHyecKy!O NompaBky,. 
DIbSyACb Pe3y/bTaTaMH CeHCMO3O0HAHPOBaHHA, TO OCPeHeHHbIe 3HayeHHA 
HOMaIMH OyayT Ou3KH K HywJO Ha BCEM MPOTAKeHHH MpodpuA oT 
.Mupupiit fo cr. IInonepcKas. 

Ha HayaibHoM oTpe3Ke MpodusA MpOTA2XXeHHOCTbIO OKOVIO 25 KM, HAYUIeM OT 
Jad JI@HHKOLOrO Oapbepa B IviyOb MaTepHKa, BOSpacTalollad Harpy3ka Mba, 
PMKauleroO BbILIe YPOBHA OKeaHa, MOJIHOCTbIO H30CTaTHYECKH KOMIEHCHPOBaHa. 
Takum o6pa30M, JaHHble COBETCKUX AHTaPKTHYeCKHX SKCHeAMUMU, KOTOPbIe 
@IHCb B HallleM PaCNOPAXKeHHU, CBHJETEJIbCTBYIOT O HaJIMYHH Ha UCC IeO- 
AHHOM y4aCTKe H30CTaTHYeCKO KoMMeHCallMH. BosHukaeT BOMPOC: H&@CKOJIbKO: 
JIHO OCYILeCTBIAeTCA H3OCTATHYeCKad KOMMeHCalMA B APyrHX H3y4eHHbIx 
DaacTax AHTapKTHbI? 

B HelapHo nonBuBulelica pa6ote Bynapya (1*) npuBeyenbl 3HayeHHA rpa- 
ATaUMOHHbIX aHoMasuli B penyKunax Dax u Byre no npoduato JIutta Ame- 
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puka— Bépd, a Take. MOMLHOCTh JIba, MOMYHeHHaA Ha 3TOM %h~ pou 
pe3yslbTaTe CelicMo30HUPOBaHuA HW MHTepmperallun TpaBuMeTPH4eCKHX ayy: 
Kak MO%KHO BueTb 3 PHC. 4 CTaTbH Bysapa, OT MyHKTa 400-51 MH} 
MIpHHATOrO 3a HCXOMHbI, HaMeyaeTCA CHCTeMATHYCCKH  YBCJIMUMBI 
ileeca pacxoxenue aHHbIX O MOLLHOCTH bla, ONpefeseHHbIX lO CeHcy 
YeCKHM H PpaBHMeTPHYeCCKHM JaHHbIM. OTO pacxo*KeHHe BECbMa 3HaYHTCII} 
u B MyHKTe 200-8 mua npespiaet 400 mM. Ilo Muennto Bysapya, npuyn) 
pacxox eH celicMHYeCKHX H PpaBHMETPHYECKHX AaHHbIX ABJIACTCH H3MCHE |} 
CpesHeli MMOTHOCTH JIb4a 3a C4eT BKJIOUCHHA OOVIbINOTO. KOMYeCTBA MOPeCHH 
MaTepHasla, WIM M3MeHeHHe IVJIOTHOCTH TOMMERHBIX _KaMeHHDIX TOpon, ¥} 
TO H Jpyroe sBMecte B3stbie (1, 1”). . 

Ecau mpHHaTb mpefcrapienue Byaapfa,..mouy4aeTca, YTO MPOHCXo,s 
CHCTEMATHYCCKOe H3MeHCHHE SPPeKTHBHOH MWIOTHOCTH NOACTHIAIOWAX Me] NO} 
oT nepudepuu AuTapKTHIbI K ee eHTpy, 1pHuem Ha 200-H Mure Mpoduia 3Hayelll 
ee HanOoubllee, a Ha 500-1 Mule — HanmeHbluee. Hanuune tTakoro cHcTemaf 
yYeCKOrO H3Me€HEHHA BECbMa Ma JIOBepOATHO. CnelyeT nogjlaraTb, 4To pacxoxKJelk 
CeHCMH4eCKHX HM PpaBHMeTPHYUeCKHX OMpPeeeHHH MOWHOCTH JIbfa o6ycu10B) 
Hbl B.OCHOBHOM ruLyOHHHBIMH cbakTOpaMu, TOUHee — MporHOaHHeM 3eMHOH KC} 
OJ, TAXKECTbIO JIEHOBOH Harpy3kKuH. 7 

_Hanwune w30cTaTuyeckoro paBHOBeCHA Ha. npocbuste Jarra Amepuka} 
Bépa MOXKHO YCTAHOBHTb M3 aHaH3a aHoMamHH Daa. OToT PaKkT, KOTOPbIH | 
mMeyaica uw Byamapgom (11), He Obl O,HakO yYTeH HM MPH HCNOMb3OBaHHN a} 
Manu Byre 2d onpeemeHux MOULHOCTH JIbja. | 

B cayu4ae u3ocTaTHueckoH KOMMeHCalMH JeOBOH Harpy3KH aHOMaJ} 
Byre otToOpaxatoT BJIHAHHe CleywoulHx PakTopos: 1) pembeda MNOTHOCTE 
rpaHulbl we — nmofcTuarollve Mopodbl; 2) AaHOMAJIbHbIX MVIOTHOCTeH moc 
Jla1OuluX KAaMeHHbIX MOpod; 3) perHoHaJIbHOrO rpaBuTallHOHHOrO ee com 
HOrO H30CTaTHYeCKHM MporHOaHHeM 3eMHOH KOPbI. : 

Ecau MpHHATb, YTO H30bITOUHAA eOBad Harpy3Kka (uarpy3Ka wbha, mer! 
Ulero BbIlIe yPOBHA OKeaHa) MOJHOCTbIO H30CTATHYCCKH KOMMeCHCHPOBaHa, 
aHomasuu Byre co CHATHIM PperHOHaJIbHbIM (POHOM GyyT HHYeM HHbIM, KaK ay 
MaIuamMH aa. , 

MmeHHO pv TaKOM MpelnosOxRXeHHUN MO AHOMAJIMAM as HaMH ObWIM BBY 
JLCHbI TILYOMHbI NOACTHMAaIOlero WORa no upoduso Jintra Amepuka — Bé; 
3a MCXOJHY10 Oblma NpHHATA TayOuHa, ompedeneHHad celicmo3oH,MpoBaHE} 
Ha cr. 400-1 musa. [pu Boruucnenuu rayOuH mpunumasca Kosdduunc! 
J.mra = 13,56 mM mba, T. €. TOT Ke, TO W AMCPHKAHCKHMH HCCIeAOBAaTeAM 

Xopoume copnaeHuaA rpaBHMeTPHYeECKHX H CelicMHYeCKHX TyOUH 110 BCE 
mpopusio NoATBepx Laer mpeAnosox*Kenne, YTO H3ObITOUHAA eqoBaA Harpys| 
B OCHOBHOM. H30CTaTHYeCKH KOMNeHCHpoBaHa. HeG6ombuloe pacxoxkenue Fi 
Ou Ha yuacTKe 550-4 — 620-8 MMI MOXKHO OOBACHHTb HECKOJIbKO MOBBILLE| 
HOH MJIOTHOCTbIO NMOACTHMAIOWUX TMOpol. | 

Anajloruuvad KapTuHa Ha6mogaetca B BocrouHor AnrapKrure. Tpann 
Ne — NOACTHMAatollne MOpoAbl Ha npoduse ot cr. Mupupli Jo cr. Tlvonepcr 
Mb BbIMHCIAM oO aHoMaluamM ®as no dopmyse GeckoHeyHOrO mlocKomapi 
JI€bHOrO cox C KOIpPPuuHeHTOM | ora =13,0 M abga. 3a ucxozHyo Ob 
mpHHATa TayOuHa, onpeseseHHast celicmMo30HMpoBaHuem Ha ct. 50-H KM 
mpoduto ot Mupxoro (puc. 2). Xopomiee cospnayeHue  ceiicmn 
CKHX H TpaBHMeTPHYeCKUX JaHHbIX O. MOWHOCTH JbAa ykasbibaet Ha HaJiMt 
H30CTATHYeCKOH KOMMeHCalLMH. 

@Mopma noBepxHocTH meqHHKAa AntapkTHybt onpenensercst 3 B OCHOBHOM B: 
KO-IIaCTH¥eCKUM pacTeKaHHeM JIbqa mod JelicrBuem coOcTBeHHOrO Beca (| 
Tak Kak Harpy3ka Jbla, JlexKalllero BHILIe YPOBHA OKeaHa, H30CTATHYECKH K 
MeHCHPOBaHa, TO TaKawd KOMNeHCalMA Mora POM30HTH TOUIbKO BCJICICTE 
MpormOaHvA 3e€MHOH KOPbI MOM TAKecTbIO WelOBoH Harpy3Ku. ( 

Ecau IIPHHATb BO BHUMA@HHe, YTO Harpy3Ka, Co3aBaeMad TPeXKHJOMET] 
BOH TouleH bla (cpeqHAs MJIOTHOCTh 0,9); mpHOmM3uTeIbHO paBHsetca I 
rpy3ke KHJIOMeTPOBOM TOJIUH KAMeCHHbIX TOPO (cpeqHAA MMOTHOCTh OKO 
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7), tO. Clelyer mpesnoaratTb, 4TO B CLy4ae HC4e3HOBCHHA VIeAOBOH Harpy3ku 
A yCTaHOBJIeHHA W30CTATHYeCKOrO PaBHOBeCHA YPOBeHb KaMeHHbIX NOpos 
pKeH. Obit Obl NOMHATbCA Ha | kM. vi, 

O6 u3z0cTaTHYeCKOM PaBHOBeCHH CBHJETEIbCTBYeT H TOT PakT, YTO AHTAPK- 
yecKHii Werbd B CpeqHem Ha 200 M rulyOxKe, 4eM Wewbcpbl APyrHX MaTePHKOB. 
Wakad TuyOuHa MporMOaHHA 3fecb 3CMHOH KOPbl MOJIHOCTbIO COOTBETCTBYeT 
. 4 ‘ 


J000 


MuoHEpCnan__| 


o) 


£000 


~~ 7000 


_ Puc. 1. Pentbec) KaMeHHOrO 102%Ka,NOyYeHHbI MO JaHHbIM CelHCMOsSOHAHpOBaHHA 
# B PesyJIb1aTe HHTepNpeTaluu PpaBUuTaHOHHbIX aHOMaIHH 10 mpodusuo ct. Mup- 
HbId — ct. []nonepckan. / — HeBHaA MOBePXHOCTb sJIbfa, 2 — KaMeHHOe J102%Ke 
110 JAHHbIM CCHCMO3OHJHPOBaHHA, 3 — KaMeCHHOe JOKE, BbIUMCICHHOe TO aHOMa- 

muamM Dax 2 


pMy, 4YTO MO AanHbim 3-H CoBeTcKoH MOpCKOH aHTapKTHYeCKOH JKCHeLMULMH 
30He OT Kpaad Oapbepa u Ha 50—70 KM B rvlyOb KOHTHHEHTA CPEAHAA MOLULHOCTh 
bia cocraBsaeT 600—700 m. IIpapya, 9TH WaHHbIe OTHOCATCA TOMbKO K paHoHy 
bMiad Buabrentbma II uv Semau KopomeBpt Mapu. OnnaKo ecTb ocHoBaHua (°) 
HUTaTb, 4TO MOAOOHAA MOUIHOCTb JIblla XapakTepHa JA Bcero nobepexkbA 
focrouHok AHTapKTHABI. 


“2500 


Puc. 2. MunumMyM aHoManui Dax y kpax JleqHHKOBOrO LIMTA. 

1— rpaduk aHoManuii Dax, 2— 2HEBHAaA MOBePXHOCTh Abia, 

3 — pembed) KaMeHHOrO J10%Ka M0 AaHHbIM CeHCMO3OHAMPOBa- 
HHA HW DXOJOTHBIM IpoMepaM 


~~ B cBa3u C omycKaHHeM 3eMHOM KOPbI NO, TAKECTbIO s@NOBOH Harpy3ku HH- 
epeceH MHHMMyM aHomasuu Pasa (puc. 2) Ha yuacrke Mupupii (kpal JleHH- 
KoBoro Gapbepa) — 100-4 Km (no MepHHaHy B CTOpOoHy Mops Jleiipuca). Tak 
aK PIyOMHbI B MYHKTaX HaOJOeHHA OIM3KH MexKy co6ol HW B CpeqHeM PaBHbl 
HOO m, To ZaHHblit MaHuMyM (OKOJIO 30 MI) MO2KeT ObITb BbISBAH: a) H3MeHe- 
HveM TIOTHOCTH MOpod, B BePXHUX COAX 3CMHOM Kopbl, 6) perHOHAJIbHbIM MIPO- 
rMOoM HeKoTOpoli. 30HbI BOKPyF JleqHuKa AHTApKTHIBI, B) P@JIMKTOBbIM MporH- 
SoM 3eMHOM KOpbI, BOSHAKLIMM B Pe3yIbTAaTe TOFO, YTO COBCEM HEAaBHO, MPHMep- 
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HO B Hauasle YeTBEPTHYHOFO Mepuosa, AHTAPKTHYECKHH JIeHHK 3AHHMAJI HECKOMB 
KO Ooublly!o MIOWayb, 4YeM B HacTOAllee BpeMA. | 

Ha amepnkanckom mpoduue JIutr1 AMepuka — Bépy mepex Hayasom nowbe 
Ma Ha JIe@QHHK Take HaOslOfaeTcA OYeHb NOXOKHH Mo PopMe HW PasMepaM MH| 
HHMYM aHomasun aa (11). CoorsercTByrollMi yuacTox npodunsa 100-41 — 200-1| 
MHJIA TIOKPbIT Wemb:poBbimM seqHHKOM Pocca. AmepHkaHcKne HCCJIeqoBaTem) 
OObACHAIOT 2TOT MHHHMYM YBeJIMYeHHeM TvlyOuHbI Mops Pocca, xoTA CceHCMH|, 
YeCKHX JaHHbIX O rIyOHHAX STOFO yYaCTKa MOPA, NOKPBITOLO LeJIbMOBbIM JIbJOM|| 
He MMeeTCA. 

Bonpoc 0 MpHYHHe BO3HHKHOBeCHHA MOAOOHBIX MHHHMYMOB OCTaeTCA OTKPbl 
TbIM. EcuiH aJibHelilMe HCCeOBaHHA NOATBePAAT CyUecTBOBaHHe LpaBHTa} 
WHOHHbIX MHHHMYMOB BJOsIb Bcero noOepexkbaA AHTAPKTHAb, TO HX MpHerc:’ 
BePOATHee BCeErO OObACHHTb H30CTATHYCCKHM MporHOaHHeM 3eMHOH KOPbI. 

Bobo HHTepec mpescTaBAeT MpOBeeHHe KOMMJICKCHbIX BbICOKOTOUHBI,|! 
reoH3H4ecKHX H3MepeHHH (rpaBHMeTPHYeCKHX, MArHHTOMeTPHYeCKHX HM Celc| 
MHYCCKHX) Ha MpoduiAx HeOO/IbLWIOH MpOTAxXeHHOCTH B OeperoBol 30He 50-) 
100 km oT Kpasd Gapbepa mo O6e CTOpOHEI B rviy6b KOHTHHEHTA HM B OTKPbITOM 
mope. IJofo6ubie HaOOMeHHA MOFIH Obl WaTb WeHHble MaTepHaJIbI O NOLAaTIY/ 
BOCTH 3€MHOH KOPbI K BHelIHelt Harpy3Ke. Becbma OoblWoH Hay4HBIM HHTepe} 
mpedcTaBsaeT Tak2xKe MpoBeleHHe NOAOOHOFO KOMMVIeKCa reopH3H4eCKHX HCCIE 
Jopanul B OOmacTH abMMHCKHX CKaluaTbIX CoopyxeHHH SananHoh AuTapH: 
THAbI, NOKPbITOM MOLLHbIM CJIOCM JIb]la. | 

Ilo rpaBuTalvoHHbIM aHomMasuaM Byre Oplia BbIdHCI€Ha MOUIHOCTb 3€MHO} 
KOPbI 10 mpodunto or ct. Mupupri fo cr. Komcomombckas, MpHueM NPHHHMal 
NOCb, YTO HyJeBOH aHoMauu Byre cooTBetcTByeT MOwHOocTb 33 Km (§), Mow) 
HOCTb 3€MHOH Kopbl B palone MupHoro nowy4nacb Oomee 30 KM, a Ha CT 
Komcomouibckasd oKosIO 40 kM. Takax MOULHOCTb XapakTepHa JIA KOHTHHEB} 
TAJIbHbIX YYaCTKOB 3€MHOH KOPbI. 4 

Hecmotpa” Ha 9TO, KOHTHHEHT AHTapKTHAbI TeMepb B 3HAUNTebHOK cBoe | 
yacTH (oco6eHHO Sanaquaa AntapxtTuya (1%, 1*)) npesparuica B apxunenal 
OCTpoBOB. Pa3jlemAtOllNe COBPeMeHHbI€ OCTPOBa MPOJHBbI, Te KaMeHHbIe MC) 
pobl Haxofatca Ha 500—1000 M HuxKe ypoBHA OKeaHa MO], TPeXKHJIOMeTPCBO 
ToNMeH mba, mpescrasiatoT coOoh ApeBHHe HeBbICOKHe PaBHHHbI MU MVIOCKCh 
ropbA, KOTOPble HaXOJATCA Telepb HH2Ke yPOBHA MOPS BcweCTBHe ONyCKaHHy 
3@€MHOH KOpPbI MO TAXKeCTbIO Jba. i 

TlockobKy Havao aHTapKTHYeCKOO OJeeCHEHHA OTHOCHTCA K cepeqHHy 
TpeTHuHoro mepHnosa (1%, 14), us0cTaTH¥ecKoe paBHOBecHe 3EMHOMi KOpbI AOcTUur 
HYTO 3a CpOK He Oowee 20 MH. eT. BecbMa BepoaTHO, YTO JelicTBUTeIbHOe Bpek 
MA YCTAHOBJICHHA H30CTA3HH MHOFO MEeHbIILIe. : 

Bpipaxkaem CBOIO HCKpeHHIOIO OaroyapHocrb B. B. Megpnnckomy, B. Al 
Marnnuxomy, IT. A. Iymcxomy 3a o6cyxeHne craTbu, a Takxe O. K. Kony 
apatpesy,C. C. JIonaruuy u C. A. Manusnosy 3a s106e3Hoe npeslocrapnenn!) 
aHHbIX CeHCMO3OHJMPOBaHHsA. 


Iloctynuao 
29 IV 1959 
UHMTMPOBAHHAA JIATEPATYPA 


ctu x, Tp. Teopusny. uncr. AH CCCP, Ne 38/165, M., 1957. 7M.T.Papuu,T.c. Bed 
p 0 HOB, Cos. reow., Ne 2, 9 (1958). ® Wupopmaunon. Gon. Cos. AntapKTuu. skcneqununil 
No 1, JI., 1958, erp. 90. ® Tx. JI. Yapsea,T. JI. Me p 6 ert, COopn. 3emnan kopa, WJIf 
1957,ctp.101. 10 H.J effreys, The Earth its Origin, History and Physical Constitutior! 
Cambridge, 1952, p. 176. 4G. P. Wollard, Intern. Geophys. Year bulletin, Ne 12) 
6 (1958). 12 G.P. W ollard, Intern. Geophys. Year, General Report Series, Ne ‘ 
(1958). 4 R.E.Priestley, Physiography (Robertson Bay and Terra Nova Ba 

Regions) British (Terra Nova) Antarctic Expedition, 1910—1913, 1923, p. 14. 4¢C. 9 


Wright, R. E. Priestley, Glaciology British (Terra Nova) Antarctic E itil 
1910—1913, 1922, p. 83. sa RISER EIaS xe 


788 


ARTES Be ee 


Jloxnxane Akayemunu nayKk CCCP 
1959. Tom 129, Ni 4 


TEXHHYECKAA PH3SHKA 


b. T. KOJIOMHEL u B. M. JIFOBHH 


HEKOTOPBIE OCOBEHHOCTH ®OTOIPHEKTA B AMOP®HbIX 
CJIOAX TPEXCEJIEHHCTOFO MbILIbAKA 


(ITpedcmaéaexo axademiuxom A. ©. Hodde 20 VII 1959) 


i 


\ 
1 


CKHe CBOHCTBa C/10€B XaJIbKOreHHOB cypbMpl (1-5). B TaKHx cOAX, HMeIO- 
X IPH OMnpeesIeHHbIX YCJIOBHAX HX MPHFOTOBJeHHA aMOP@Hylo CTPyKTypy, 
auHO COUeTAIOTCH BbICOKaH (POTOUYBCTBUTEJIbHOCTb, BbICOKOe yesIbHOe TeM- 
IDBOe CONPOTHBJIEHHE 9; H CPaBHHTeJIbHO Malad HHEPIMOHHOCTH cotosdiexkta, 
Secneunparoutue yCMellHOe HCNOJIb3O0BaHHe CJIOEB B TeJIEBH3HOHHbIX Mepejaio- 
}uX TpyOkaxX THNa «BHMKOH». 

| CpolicTBa CJIO€B XaJIbKOPeHHOB MbILIbAKa, T. €. AHAJIOTOB CYPbMbI, Mpak- 
uueCKH He Opin u3sy4eHbI. B muTepaType MpHBOAATCA JIMWb KpaTKHe pesyuIb- 
lAThI MCCJIeAOBaHMA KpUcTaIMYeCKHX csoeB AseSe, (°). 

B aHHOH cTaTbe ONMHCbIBaIOTCA NMepBbIe Pe3yJIbTATbI paOoTL! MO H3yYeHHIO 
HellecTB STOH TpylMbl, MOJyYeHHbIe Ha CJIOAX TPeXCeJICHHCTOTO MBILIbAKa. 

| 1. AseSe,; cHHTe3HpoBaJICA H3 2JIEMeHTOB CyleylouleH CTemeHH UHCTOTHI: 
ie 99,998%; As 99,99...% mo MeToly, onucaHHomy B pa6ote (°). 

Crow NpPHroTOBJIAIHCb UCMapeHHeM B BakyyMe Mpu JaBlennn p = 10-'— 


|ACTHYHO NOKPbITOrO NOynpospayHoli mpoBoxamei neko Pt, Au, Al nau 
nOe. Jina wuccneqoBpaHvH «BJOb» cOA NosyNpOBOAHHKa B MpoBoss- 
€M MIOKPbITHH uMesICAH 3a30p WHpHHOK 50—100 pw. Tonuimua cnoep AseSes 
APbUpOBaacb B Mpesenax 0,5—2 pw. Tlopepx com ucnapeHuem B BakyyMe 
[AHOCHJIMCbh NOoJynpo3spayHpie deKTpob! u3 Al, Au nau Ag, 4TO JaBaso BO3- 
OMKHOCTh HCceOBaHHA CBOMCTB «nonepek» clon. Meroxuka uccieloBpaHHa 
IEKTPHYeCKUX HM CPOTOSEKTPHYeCKHX CBOLicTB OOpa3loB onucaHa B (*,5,8). 
HEKOTOPbIX OOPa3llaxX BeEPXHHE BIEKTPObI HE HAHOCHJIMCb, H H3MepeHUs Mpo- 
B0IUJIMCb IPH KOHTAKTHPOBaHHH 9JIEKTPOHHBIM MVY4KOM C MpHMeHeEHHeM MMITYJIbC- 
oro metojia (°). 

QnekTpoHorpaduyeckue HcceqOBaHHA, J0Oe3HO MpoBeyeHHbIe MO Halllei 
ipocb6e B. A. Jlopuupim, nokasasu, uTo con AseSes, nouy4aemble ykasaHHbIM 
s0co60M, HMeIOT amopdHy!o cTpykTypy. TeMHOBbIMH HOCHTeJIAMH TOKAa OKa- 
3aIMcb AbIpKH. I]pu mposobHbIxX H3MepeHHAX Obl NOMYYeHbI 3HAYeHHA yeJIb- 
HOrO TEMHOBOTO COMPOTHBeHHA p;= 10'!—10'*-om-cm, a pH H3MepeHHAX 
nonepeK clon pp= 1012— 10** om-cm. CyilecTBeHHbIM OKa3aJIOCb TO, YTO CJION 
61alaiM BLICOKOH POTOUYBCTBUTEJbHOCTHIO, MpeBbIWatolleH TaKOBY!O B CJIOAX 
SbeSs. KpaTuoctb H3MeHeHHA CONPOTHBIIeCHHA (@) pH OCBeLLeHHH CIO OevIbIM 
-BETOM JOCTHTasla 3HaveHHH: MpH MpOAObHbIX u3MepeHHAX 15 MpH OcBeLLeH- 
yocth E = 400 akc; mpu nonepeyHpix u3smMepeHuaAx 60 npn ocBellleHHOCTH 
E=100 «xc. B ormenbupix oOpa3ilax 3HaueHHe @ JocTuravio BemMuHHE! 200—400. 

Ilpu u3MepeHuax Bomb cos coTo-9. A. c. orcyrcrBoBasa. IIpu nonepeyHbix 
A3MePeHUAX (OTO-9. W. c. Bcerfla HaOMOZalacb M MOcCTHrasla Np 9TOM 3Haye- 
Hui ¢ = 0,4 B. W@orosddext B coax AseSes oKasaJicd MaJIOMHePUMOHHbIM. 
OcBelleHHue O6pa3siloB MpePpbIBHCTbIM CBeETOM MOKa3aJiO, YTO BpeMeHa HapactTa- 
HUI W cilafla (oTOTOKa He mpeBbiiau 10~* cex. 
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[lomumMo MpuBeJeHHbIX BpIMe BeCbMa CYULeCTBEHHbIX JWJIA MpaKkTH4eCKH)} 
ueleli pesysbTaTOB, B coax As2Ses HaOmOJasicA pA HHTePeCHbIX ocoOeHHOg 
Teli boroappexta. K HHM OTHOCATCH mpexkse Bcero TeMMepaTypHaA 3aBHCH) 
MOCTb (poTOTOKa H CieKTpasibHoe pacmpesemeHue PoTOUyBCTBUTEbHOCTH. } 

2. Ha pue. | noKka3aHbl 3aBHCHMOCTH JIOrapudMa POTOMPOBOAMMOCTH H Te 
HOBOH MpOBOMMOCTH OT OOpaTHOH TeMMepaTyPpbl, NOMYYeHHbIe MPH MPOAOJIbHBL | 
u3Mepenuax. Kak cmelyeT 43 MPHBeeHHbIX KPHBbIX, TCMHOBAA an nave 
3KCHOHEHUMAaIbHO BO3PacTaeT NPM YBeJIHYeHHH TeMMepaTypbl, aBaA 3Ha4eH 
sHepruu akTuBauuu AE, = 1,7 3B (c pas6pocoM OT 1,55 no 1,8 9B QA pag 
JiMuHBIX coeB). Utro Kacaerca TeMMepaTypHOrO XOfa (oTONpOBOAUMOCTH, TP 
B OOJIACTH HH3KHX TEMMepaTYp HMECT MECTO TakKKe SKCNOHEHUMAIbHOe BO3PacTa} 
Hue, Jlalollee CpefHlolo BenMYHHYy QHeEprHu axTuBallun ALg = 0,5 3B. B ot 
macTH TeMiepaTyp, MPH KOTOPbIX 3Ha¥eHHe COTOMPOBOHMOCTH MPHMePBi 
| "  PaBHO 3HaYe€HHIO TEMHOEOH MPOBOLHMOCT 
XO], 3€BHCHMOCTH MeHAeTCH. Ha OOpaTHbIh. 

Ilaqenve oTONpOBOAMMOCTH B OOsACT: 
BbICOKHX TeMNepaTyp MOXKHO OObACHH 
H3MCHEHHEM yCJIOBHA peKOMONHaLHH (yB 
JIMYCHHE CKOPOCTH PeKOMOMHALHK) ; ,CBETG 
BbIX HOCHTeIeH TOKa. OKCNOHEHUMAIbHO 
Ke BOSPacTaHHe (POTOTOKA B OOAaCTH. HHE 
KUX TemMMepatyp, Pe. KOHMeHTPallusA . TEN 
HOBbIX HOCHTe/IeH TOKAa 3HAYHMTeIbHO HH 
Ke, 4EM KOHICHTPallHA CBETOBbIX, MOKE 
ObITb, KAaK HAM KaKeTCA, OODACHEHO -H 
9 gO gf 2 v5 OCHOBe MeXaHH3Ma NPHJIMNaHHA CBeTOBBI) 
U7, HocnTevieH TOKa. B atom culyyae yBemny4e 
Puc. 1. Temnepatypnaa sapucumocth HM€ TEMN€paTypbl AON2KHO MPHBeCcTH 
OTCMPOBOAHMCCTH H TeMHOBOH MpoBpo- IKCNOHEHILMAJIbHOMY. BO3PaCcTaHHtO corto 

AMMOCTH TOKa, BCJIeQCTBHe YBeJIMYCHHA BePOATHO! 

CTH TensoBoro 3a6poca MpHJIMMIWUX HOCH 

TesleH B 30HY NPOBOAHMOCTH HW CBA3AHHOFO C TaKHM 3a0pocoM emcnavceutaae 
HOrO |\BO3pacTaHHA sddeKTHBHOH NOABUXKHOCTH HOcHTeseH TOKa. TakaA Tpak) 
TOBKa XOpOWO corjacyeTcA c mpecTraBeHHAMH OO 9ScTadeTHOM Me€XaHH3Mé 
JBH2K€HHA CBOOOAHbIX 3apsdOB, pasBuBaempimu A. D. Vode (7°). 

Jipyrue aJlbTepHaTHBHbIe MeXaHH3MbI, MOryUlMe MPHBeCTH K 9KCNOHEH| 
WHalIbHOMy pocTy dboToToKa — OapbepHbii (11) wu asKcuTOHHBI (17),— npex 
CTABJIAIOTCA HAM M@JIOBEPOATHBIMH; TepBbi NO MpHuuHe aMOPdHOCTH HU OHO’ 
pofHocTu cioesn As2Ses, MOKa3aHHBIMK SJIEKTPOHOrpadHyecKUMH UM 9/IEKTPOHO: 
MHKPOCKONHYeCKHMH HCCIeqOBaHHAMH, a BTOPOH BcwescTBNe OoubWIOH Bepo' 
ATHOCTH ObicCTpOH AHHHTHJIAWMH SKCHTOHOB B TaKUX Jle*eKTHBIX CTPyKTYypax: 
KaK AMOPdHbIe BellecTBa. Lane 

B oOnacTH «mpOMexKYyTOUHBIX® TeEMHepaTyP CKa3bIBalOTCH KaK yBeJMUeHHE 
PeKOMOHHALMH CBETOBbIX HOCHTesIeH, TaK H BO3PacTaHHe 3a6poca HocuTeWer 
C ypOBHeH mpHinnaHus”, oOycoBIMBaA OOpa3s0BaHHe MakcuMyMa (oTOTOKa: 
Ec MpHHATb MeXaHH3M MPHMNaHHA, TO BeMYHHA SHEPrHH aKTHBAILMY 
AE» = 0,5 9B JomKHAa ObITh OTORJecTBIeHa Cc rmyOuHOH 3aeraHuaA ypoBHet 
MpHJMNaHHA, a CaM MeTOA HaOsOAeHHA TeMnepaTypHOH 3aBNcuMOcTH @orTo- 
TOKa MOXKeT ObITb PEKOMCHAOBAH KaK NpPOCTOH MeTO onpeweneHuA noOKeHUsS 
ypOBHeH NPHJIHNaHHA B AMOPOHEIX NOJyNPOBOAHHKOBEIX COAX. JIA NOATBepx- 
J€HHA BbINBHHYTOTO MexXaHH3Ma CJleyeT M3MePHTb TiyOHHY 3aleraHua. ypos- 
He NpHHNaHHA B COAX AszSes KakMM-M60 APyruM He3aBHCHMBbIM ‘MeTOJION 
(HanpHMep, Me€TOLOM TEPMOCTHMYJIMPOBaHHbIX TOKOB). ; 

3. Ilpu uccemopaHHu CneKTpabHOrO pacnpezenenun cborosdiexta oKasa: 
JOCb, UTO MPH NMONePeyHbIX H3MePeHHAX PoPpMa KPHBOH pacnpeseneHua CHIbHC 
3aBHCHT OT MOJIAPHOCTH MIpHJIO*KeHHOTO HalipsAxKeHuA. Tak, eclH OCBelaembll 
3NEKTPOA HaxOAUTCH MPH NOMOKUTeIbHOM NOTeHUHase, TO MaKCHMyM, (oro: 
TOKa A@KHT B yJbTpaduoseroBpoH o6nacrH cnekTpa. IlpH usmeHeHuu ,nonAp: 
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TIPHJIOMKCHHOTO HalmpsxKeHHA MaKCHMYyM OTOTOKa HaXOJUTCA B BUZMMO 
HcTH, OKONIO 500 mp (cm. KpnBbie / w 2 puc. 2). CnextpasibHoe pacnpenenenne 
(MonbHOK» oTOMpOBOLMMOCTH COBNaqaeT CO CMeKTpa/IbHbIM pacnpefene- 
| «nlonepedHolt» (POTONPOBOAUMOCTH TPH NOJOXRUTeEMBHOM NOTeHUMae Ha 
j aeMOM S/eKTPOe (kpuBas 3 pue. 2). Benuunna npuo%KeHHoro HanpsixKe- 
fe BCeXx CulyuasX He BIMsa Ha (bopMy cnekTpaJIbHOrO pacnpeseneHus (poTo- 
i KTa. Se 

BuaK @oTo-9. A. C. B HEKOTOPHIX OOpasllax OKa3aJICA 3aBUCALLMM OT JWIMHBI 
HHI. Tak, NpH OCBelleHHH BepXHETO 9EKTPOMa KOPOTKOBOJHOBLIM CBETOM 
HapAKaeTCA OTPHMATeIbHO; ANMHHOBOJIHOBbIM— NOOxKUTeIbHO. Tlepemena 
Ka MIpOHCXOLuT mpH 
[He BOJIHEI OKOMIO 400 
|CnektpambHoe pac-— 
neneHue (oTo-9. I. c. 
|) STOM, KaK 9TO BUAHO 
ipuc. 2 (kpuBpie 4 u 5), 
iBbIBaeTCA mpHoOmH3u- 
bHO TOK ecTBeHHbIM 
OBOMY y «nonepeyHoH» 
)ONpOBOAUMOCTH MpH 
jrpererByloutax nowAap- 
jTAX TIPHJIOXeHHOTO 
ih PADKEHH A. 
Ormetum, YTO BCe KpH- 
> puc. 2 nocrpoeHb! B 


secueTe Ha CAMHULYy na- S30 400 450 500s S58 B00 Sse 
leh CBeTOBOH SHEp-, A——_— 


Ecru CTPOUTb cIeKT- Puce. 2. Cmekrpabuple XapaKTePMCTHKH gotToapexta & 

t mepecuete Ha CAHHHLy NaflalouleH cBeTropow 9Heprun. J — 

bHBI€ = XaPaKTEPUMCTH- ororok nonepeK clOA MpH MoMOKUTeETbHOM NnoTeHLMase 

nonepeuHou (POTOMpO- ua ocBeujaemom anekTpoge, 2 — tboToTOK MonepeK coA pH 
MMOCTH, OTKJIaJbIBAad  OTPHUaTeibHOM MoTenMale Ha CCBEMaeMOM 9/eKTPOLe, 
OcH OpsMHaT a6co- 3 — (oToTok aes con, 4— OTpHuaTetbHaA CoTO-9, A. c., 

— MOMOKUTeMbHAA POTO-9. J.C. 
THBI€E SHAYCHHA Ha- 


OfaeMbIX (OTOTOKOB 
A Pa3JIMUHbIX NMOJIAPHOCTAX MPHJIOHKeHHOTO HaNpsAXKeHUNA, TO WIA passny- 
X KOMOMHalMH MaTepHala 2NeKTPpONOB MOryT ObITb NOMyYeHbI Xapak- 
MCTHKM JByX THMOB, CX€MaTHYeCKH NoKa3aHHble Ha puc. 3. XapaKtTepuc- 
cu Tuna I (puc. 3/) 6biiu nonyyeHb! AA O6pa3sloB pH cueayroulMx napax 
‘KTponos: Pt—Au; Pt—Ag u npu ofMHakOBbIX MaTepnasax OOOHX JIeKTPO- 
3, a XapakTepucTuKu TuNa II (puc. 3//}— Ana oOpasloB, UMeIOLUMX JVIeK- 
nt Pt-—Al; SnOe— Al; Au—Al. Cnenyer yka3aTb, To ia OOpa3lloB, HMerO-~ 
X XapakTepucTuku Tuna II, npH nofcBeTKe CO CTOPOHBI Apyroro s1eKTpoya 
IYHO NOMyualoTcA XapakTepucTHKH Tuna I. 
OrmeuenHoe Bplllie H3MeHeHHe 3HakKa (OTO-9. J. c. B AMana30He h = 400 mw 
MOMaIOCb TOJIbKO Ha TeX OOPa3zllax, Y KOTOPbIX HaOJIOMAJIMCh CMeEKTPaJIbHbIE 
akTepucTuKH Tuna II. 
YkaoKeM, HaKOHell, YTO HAMM ObIIM H3FOTOBJICHbI OOpasilbl, MMerOlHe 
MH HYOKHUM geKTpog (Al-noxppiTve) HU pa3IMUHbIe BePXHHe IeKTPOLbI 
u Au). IIpu nogzcserke co cropoubl HuxKHero Al-sneKTpofa OKa3a0cb, YTO 
i W3MepeHUAX Ha 91eKTponax Al — Al Gpiim noswyyeHbl CneKTpaJIbHble Xapak- 
ucTHKH coTos@dexta Tuna I, a mp H3MepeHuAX Ha SNeKTpofax Al — Au 
YAKTEPHCTHKUM THMAa 
Xapaxrepucrukn Tuna I HaGOstOJasmucb MHOFMMH HCCueOBaTeIAMH Ha PoTO- 
MeHTaX 3 pa3sMUHBIX PoTOMpOBOAAWMX MaTepuaos (*%,**). Takne xapaKTe- 
THKH MOryT ObITb OOBACHEHbI Ha OCHOBe pa3JIHYHA YCJOBUM ABM KeHUs 
TOBLIX HOCHTeseM: TOKa, CO3JaHHbIX BOJIM3H OcBelllaeMoro Q/IeKTpOAa, MpH 
HbIX MOJAPHOCTAX MpHsoO*KeHHOrO HanpsxKeHHA. JA OObACHECHUA Ha STO! 
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Ke OCHOBe XapaktepucTHK Tuna II cneqoBao Obl CheaTb NpeAMONO*KeHHe } 
H3MCHeHHH 3HaKa CBeETOBbIX HOCHTesIeH TOKa IPH H3MeCHEHHM CIeKTPaJIbHO} 
cocTaBa Majjarollero cBeTa, YTO ABJIACTCH MaJIOBCPOATHBIM. 
Bosee mpaBlonofoOHbIM HaM MpefcTaBuiseTcA OObACHeEHHE XapaKkTePHCT} 
O6OHX THMOB, a TakxKe BCeH COBOKYMHOCTH OMMCaHHbIX 9IKCIeCPHMeCHTAaJIbH) | 
HaOsIOeHHH Ha OCHOBe MpescraBseHul O TaK Ha3blIBaeMOM (POTOAMOAHOM apex} 
MMeIOLLeEM MecTO Ha O6OHX KOHTAKTaX MeTaJIJI — NOJLYMpOBOAHUK MPH OCBeLLeH | 
oOpasila. i 
Ilpu atom acbeKTHBHOCTb poTOMMONAa culeAyeT MpeANOMORKUTb 3aBUCALLEH | 
MaTepHasla 9leKTpolla, KOHTaKTupytoulero c As,Ses. 
TlornomeHve cBeTa B Cu10e Mommy} 

if BOJHWKa MpHBOAMT K Pa3/IHYHIO HHT 

| / CHBHOCTH CBeETOBbIX HOTOKOB Ha 060) 
KOHTaKTaX, IpH4eM pa3sMyHe 3TO Yl 

~ JIMUMBaeTCA TPH YMeHbIMeHHH VIM}, 
BOJIHbI Nafatoulero cBeta. B 3aBMCHh, 
CTH OT NMOJAPHOCTH HanpxAxKeHHA } 
o6pasile wu60 mepeqHuH, mH60 3a]Hi 
KOHTaKT OKa3biBaeTCA MO elcTBH! 
HalpsxKeHHA, MpPHJIOKeHHOFO B 3an 
HOM HanpaBsieHHH, OOyCOBMBaA Ny 
TekaHHe OOJIbUIMX MOTOTOKOB 4yef! 
Becb OOpa3el*. OcBellleHve Ke KOHTA! 
700 mys Ta, K KOTOPOMy IIpHOKeHO HalpAy! 
Puc. 3, CxemaTHueckve cCieKTpaJIbHbIe HWE B UDAMOM Haupt ae BLIShIEG 
XapakTepucTuku  otosdpexta nonepex MNPOXO*KeHHe Yepes oOpasell Cylle: 
cos. 1 —- np momoxKUTeMbHOMNOTeHUMae =BEHHO MCHbIUHX (COTOTOKOB. . 
Ha OCBeULaeMOM 3/1eKTpoye, 2— pH OTpH- Xapaxtepuctuku Tuna | (puc. ) 
gi eae ocpenacMoM  WM@IOT MeCTO, OY€BH HO, B TeX culyyas 
Kora 06a doToAMoa uMeloT mpHoOmM:) 

TebHO OLMHAKOByt0 SPeKTHBHOCTb HI 

Kora mepeqHnh doTosuoA Oomee addpekTuBeH, yeM 3aqHuii. Xapaxtepucry) 
Tuna II] (puc. 3) nosBumiorcs Torqa, Kora 3aqHui cboTOAMOL 3HauNTeIbHO 60) 
adieKTHBeH, YemM nepefwHni. MMenHO ostomy B MocweqHeM clyyae NoscBel} 
CO CTOPOHbI 3aHeroO KOHTAKTa MIPHBOUT, KaK 9TO YKa3bIBaJOCb Bbillle, K OJ) 
yeHHIO XapakTepucTuK Tuna I. 
Paznuune CieKTpaJIbHbIX XapakTepucTuK coTosdekta B c0AX AsySeg nf 
Pa3HbIX MOJAPHOCTAX MPHJIOMRKeHHOTO Halps2xKeHUA CeLyeT YUMTHIBATh DI 
BbIOOpe PexKHMOB PaOOTH! TeCBHSHOHHEIX Mepefalollux TPyOoK Tua «BUMKO| 
HCMOJIb3yIOWMX TakHve CJIOH B KavecTBe MUIIeHH. ] 
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Hornzane Akayemun nayxr CCCP 
1959. Tom 129, Ne 4 


TEXHHYECKAA PH3HKA 


Axagemuk AH YCCP A. II. KOMAP u M. B. CTABHHAKOB 


M3MEHEHWE AABJIEHHUSA B TH®®Y3HMOHHOU KAMEPE 
IPH BOSHHKHOBEHHH TPEKOB HU BO3MO)KHOCTH 
ErO HCHOJIBSOBAHHA 


UyBcTBuTesbHbI OObem AuddysHoHHOlt KaMmepbI OObINHO 3anNOJIHeH CMeCbIO 
PecbILeHHbIX NapoB paOouelt KuAKOcTH H ra3a. B kauecrBe paboueli *KUAKOCTH 
Ile BCerO HCNOJIb3yeTCA STHJIOBLIM UH MCTHJIOBbIM CNMPT, a ra3 MOXKeT ObITb 
Oo, B 3aBMCHMOCTH OT Westeli 9KcMepumeHTa. Yupyrocrb napoB STHMOBOTO 
upTa pH KOMHaTHOH TeMnepatype oKos10 100 mm pr. cr., a OOmlee JaBmeHne 


N 


( 


Puc. 1. OcliuinorpaMMa u8MeHeHHA aBJIeHHA BHYTPH AuphysMoHHOH KaMepbl npu 

OOJyYeHHH e€ YYBCTBHTCIbHOFO CJIOA HOHHSHPYIOWWHM H3yueHHem. Bpema HapacTaHua 

apienua oKono 0,2 cex. Ilocmeqyromee NOHWKeHHE WaBJICHHsS1 HW BOSBpaT K MepBoHa- 
YaJIbHOMY 3HaveHHIO OKoO 1,5 cex. UacToTa HawlOxKeHHbIX KOMeOaHHH 50 ru 


KaMepe ualle Bcero OpiBaeT OT | Bo 20 arm. Takum oOpa30M, NaplHasibHoe 
aBleHHe ra3a B KaMepe 3HaUNTEJIbHO BbIWe MapluadbHOrO JaBJIeHHA NapoB 
aOoueH %uKOCTH. 

Ilpu KoHJeHcalluu yacTu Napa BO BpeMA OOpas0BaHUA TpeKa B YYBCTBUTEJIb- 
OM coe OyAeT BbINeATHCA CKPbITAA TeMOTa KOHJeHCallMH, H CuleAyeT OKUAATb 
arpeBa ra3a HM NOBbIWeHuA JaBseHua. BpemMa cyllecTBOBaHHA MOBbILWeHHOrO 
aBJIeHHA OyfeT ONpeeNATbCA CKOPOCTbIO OTBOfa Telia U3 OObeMa KaMepbI. 
OTA BPe€MA KOHJeHcaluN Ha MOHAX BeCbMa MaJIO, HO BPeMA CyecTBOBaHHA 
OHWXKCHHOTO HM MOBDIeHHOrTO JaBMeHHH 3HaAUMTeIbHO OOJIbUe, H MOXKHO, 
CHOJb3yH MUKPO@OHHbIM JaTYHK, 3aperucTPUpOBaTb H3MeHeHHe aBJIeHuA BO 
pemeuu. Coorgercrpy1ollad KpvBaa lWoka3aHa Ha pwc. l. 

BenuunHa u3MeHeHusA JaBJIeHHA B KaMepe MPH BO3HHKHOBeCHHM TPeKa 
-yacTul, c 2Heprveli 8 Mop nopayKa 107° mm pr. cr. Oro usmMeHeHHe JaBsIeHHA 
OMKHO UCNOb30BaTb LWIA yupaBseHuA coTOrpadupOBaHHeM TPeKOB Cc Hanepey 
CTAHOBJICHHOH MOHHSalNeH, CCIM UCHOJIb3OBaTb HCMOJIHUTEIbHYIO YaCTb CXeMbI, 
MucaHHOli B paGore (1), u cxemy, NoKasaHHy10 Ha puc. 2. Ha stom pucyHKe 
(OKa3aH KallMWIAp, COeCMHAIONIMH Be mOOBHHKH KaMepbl. Ilpn nosBjeHHH 
peka G-yacTHlbl c 9Heprueii ~8 Mop B eBOM y4acTKe Kalla acpupa B KanM- 
iape cMellaeTca BIpaBo Ha BeruuMHy ~! uM. IIpoexrupys Kamo Ha 9KpaH, 
fOX%KHO NOMyYHTb yBemuueHHe B 100 pas H C OOJbIOM TOUHOCTbIO OTMeTHTb 
i3MeHeHHe JaBJICHHA Ha BecbMa Masly!o BemMUNHy. Jia perucrpalluu noso*Ke- 
MA Kalli HAMM UCMOIb30Bal0cb (oTocompoTuBeHHe PC-K1, Koropoe Moro 
anycKaTb HCHOHUTeIbHbIM OOK CXeMbI (cM. Puc. 2). OveBUAHO, YTO H3MeHEHHA 
eMiepaTypbl HW WaBJIeHHA ra3a KaMePbI MPONOPIUMOHAabHbI KOJIMYCCTBY HOHCB, 
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OOpa3s0BaHHbIX YaCTHLeH, T. €. IPOMOPWMOHAJIbHbI 9HEPIHH YAaCTHI, ecC/H npoogl 
ykslapipaeTca B OObeMe KaMepbt. Mcnosmb3ya 9TO OOCTOATEIbCTBO UM HaOuJIIOJeH- 
HI S*peKT H3MCHEHUSA aBJICHHA, MOXKHO C MOMOULbIO yCTaHOBKH, NOKa3aHHoH 
Ha pvc. 2, ocyllecTBuTb BbIGOpouHOe (boTorpadupoBaHHe TPeKOB YacTUL, onpe 


Puc, 2. Yctpolictno aa perucTpaluu H3MeHeHHS 
WaBeHuA B LMPdy3HoHHOH Kamepe. / — 60K ym 
paBseHHA aBTOMaTH¥eCKHM (boTorpadupoBaHHeM 
2— crepeootoannapatT; 3 — fuddysnonHaa ka 
Mepa, pa3eleHHad TepMeTHYHOH Meperopo Kon Hi} 
ape vactu; 4 — OCBeTHTeIH C MMMYJIbCHBIMH JaMna 
mu; 5 — COeCAMHHTeIbHbIe TpyOKH; 6 — KaludAp 
ero cedeHHe MOMKHO H38MeHATb, HeOOXOMM Aus 
BbIPABHUBAHHA LaBJIeHHA B YacCTAX KaMepbl, Mp! 
MeJVJICHHOM eFrO H3MCHeEHHH; 7 — MpoOeKIHOHHO! 
ycTpolictso; 8 — kKalusiiap c KansneH 9Sdupi 
BHYTPH, H3OrHyT, 4TCOL! cTaOumMsHpoOBaTb MOO 
2enue Kalu; 9 — wKana; 10 — dotoconpoTuB 
jeune OC-K-1; [1 — ycunutenb, cBxa3aH c 610 

KOM ylpaBseHua 


TeeCHHOH JHEP WIM IPUpPOAb!, 3Be3 MT. I. Lake pH HasMunu Poua a-vsy, 
YeHHA HWJIH QJICKTPOHOB. Tak Kak JlaTUHK HMNyJIbca MaBJIeHHA 3HAUHTeJIbH| 
mpoule, YeM, HampMMep, HOHM3aIlMOHHaA KaMepa, TO ipeswaraempli MeTO 
JMCKPUMHHAalWuH TPeKOB MOXKeT ObITb HCHONb3OBaH B wOCOH sma6opaTopuy 


@US3HKO-TeXNMYeCKH + MHCTHTYT Tlocrynuuo 
Axkayemuu HayK CCCP 16 VII 1959 


UMTHPOBAHHAS JIMNTEPATYPA 


INES VCS 
pumeuta, Ne 3 (1959). 


Aoxknann Akagemun nayrx CCCP 
1959. Tom 129, Ns 4 


XHMHA 


Akaxemuk A. A. BAJIAHAWH, E. HW. KAPMEMCKAS u A. A. TOJICTONATOBA 


O HEOBPATHMOM KATAJIM3E B IIPHCYTCTBUHM 
METAJIJIMUECKOrO PEHUSA . 


B npegpiaqymux pa6otax (*~*) Hamu Opwio noKa3saHO, 4TO MeTasuINuecKHH 
WicHHuU, HaHeceHHbIH Ha AKTHBHPOBaHHbI yrOJIb, BbISbIBAeT JeruAporeHu3allnlo 
‘PiuKMueCKUX WeECTHUICHHBIX YIIeEBOLOpOOB, MpHueM Ha KaTawu3aTope, nomy- 
HCHHOM H3 TleppeHata ammouua (Re-1), nomyyeHne GeH307a u3 WuksoreKcaHa 
OMpOBOKaeTcA OOpasoBaHueM HeOOJIbIUMX KONUYeECTB WuksorekceHa (%); Ha 
HaTasusaTope M3 JMOKCaHOBOrO KOMMViekca peHHMeBoro aHruspuna (Re-2) unK- 
HorekceH He OOpa3yetca. C Weblo BbIACHEHHA MPHUMHbI OOpasoBaHUuA WuKJO- 
HeKceHa Ha Re-1 w cnoco6HocTu peHuA MpOBOAMTb HeoOpaTuMbI KaTaH3 
ao TepmuHosorun H. JI. Senuuckoro) Hamu OblIO u3y4eHO NpeBpalileHue 
luKJIOrekceHa Ha OGOMX KaTaMsaTopax. 


Unksorekceu Obl MowyueH Jerudpatalne WuksoreKkcaHowa u Mocae OWUCTKH 


MeJI CJI@MyIOWMe KOHCTaHTH!: T. Kum. 83°, nee 1,4458, Gi0,8102, KoutTakTupo- 
j p 


BiaHue OcyllecTBAIOCb pH MponycKaHuu WUKNOTeKceHa Hall ClOeM KaTasu3a- 
opa o6bemom 10 ma co ckopoctbio 0,1 Ma/MHH, TemnepaTypa KaTamu3aTopa 
3Mepasach TepMonapoH xpoMesb — konenb. )KuyKne NpOyKTHI peakllun (Ka- 
allu3aT) coOupasuch B OXaxKJaeMOM MPHeMHUKEe UM AHaJIM3UPOBaJINCb Ha Co- 
epxKaHve HEMpeeNbHbIX YrvIeBOAOpOOB (UMKNOreKceHa) MeTOJOM OpOMHBIX 
Hacesl u OeH307a NMyTeM XpoMaTOorpaduu Ha CHIHKarese B IIpHCyTCTBHH Ouc- 
: udeHueHaTusena (*). Meroyuka xpomatorpaduyeckoro aHasu3a ObiIa HECKOJIBKO 
}utousMeHeHa, M ee MPpHMeHHMOCTb K HalMM kaTausaTaM Obluia MpoBepeHa Ha 
IKOHTPOJIbHbIX CMecAX. TOUHOCTb OMpeseneHnsa GeH30a cocTaBsasma 0,5 abc. %. 
/ az000pasHble MpOAyKTbI peakluu coOupamucb B rasomertpe B. B. IarpuKeega 
i, COlMIaCHO aHau3y, MpedcTraBanu co6ol BoJopor, coxepxaniun 6—8% me- 
HaHa. 
| IlIpeppatmleHue UnkmoreKceHa B npucytcrBHH Re-l nu Re-2 usyyanoch B 

HTeppasie Temnepatyp 215—465°. Jlna o6oux KaTasM3aTOPpOB MOXKHO 4eTKO 
BBIICIUTb MHTepBasl TeMMepaTyp, re npollecc npoteKkaer Oe3 BbIAeueHHA rasa 
re co6mofaetca ypapHenue 3Ce6Hio=CoHo+2CoHiz. Ilospmuenne Temnepa- 
rypbl peakUMu MpPHBOAHT K NOABJIeHHIO BOLOPOra. 
| Karanus3atTbl HeECKOJIbKUX OMbITOB KaK Ha KaTausaTtope Re-l, Tak u Ha 
<aTanusatope Re-2 Opin OObeAHHeHEI, HenpopearMpoBaBiul WuksOrekceH 
DbI yMasieH MyTeM M€TOKCHMePKYPHPOBaHHA, a NOyYeHHaA CMeCcb OeHs0Na 
M luKorekcaHa pa3feneHac MOMOMIbIO xpomMaTorpaduu Ha cHsuKarese. Beu- 
BOUL M IWMKJOTeKcaH OblWwIH MJeCHTHUUMPOBAaHbI NO NOKasaTesioO MpesoMieHuA 
HM yembHomy Becy. IlocrosHcTBO aKTHBHOCTH KaTaJIM3aTOPOB NPOBepsAOCb N10 
MKJIOreKCaHY, MOBTOPeHWe HEKOTOPbIX OMbITOB C WMKJIOTeKCCHOM YyKa3biBaeT 
a XOPOLIy10 BOCNPOH3BOJMMOCTD. 

Pe3yuibTaTbl OTeIbHbIX ONbITOB npescTaBanpl B TabN. | u 2, rye V — CKO- 
DOCTh BbILeeHUA raza B Mil/MuH; k — KOMMUYECTBO MUIUMOseH OeH30Na, OOpa- 
yloutuxcsa B 1 MuH., oTHeceHHOe kK | mu KaTanusaTopa. Jia Toro uTOObI MMETb 
BOSMOXKHOCTbh CPaBHMBaTb CKOPOCTH OOpas0BaHUA OeH30Na u3 WK MOTeKcaHa 
(cm. (,%)) u u3 WuKnoreKcena, Opisia BLIUNCIeHa BeIMUMHa m = 3-22,4 -10°%%= 


ya 


> 


= 67,2-10%, mockoubKy B culyyae MerufAporeHusalluu WnkKsorekcaHa 3a 
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Tao uuna a 


TIpespalileHue WuksorekceHa, PeHHeBbIii KaTasIMsaTOp Re-4, ¢ = 12,8 kkaa/Moub,; 


Ry == 0, 10°40" 
= he ee ee 
Cofep x aHue v, k-402, m, a - 
Wuksorekcena a ; te 3 
T-pa, °C | s xaranusare, me << NS PAE. 0 igk 
Bec. % MHH MHH-MJI KaT | MHH-MJ KaT 


92,0 0 0,26 ee 

259 85,5 0 0,48 ; ’ , 

297 68,4 0 AOS OF 74 0,69 4,77 2,68 

306 61,8 0 A 0,83 0,83 4,76 2,69 

362 40,0 ha Da Wil 1,46 1,46 4,56 Pret 

380 30,3 Dall 2,89 4,94 1,91 4,56 2,81 

392 26,2 5,6 BPA PA vAY) 2,24 4,59 2,82 
EEE ee: 4,56 | 2,81 


Taoununma 2 


Tpespaulenue mwuksmorekceHa, peHueBbii KatanusaTop Re-2; « = 7700 Kaa/Moub; 


Auvanu3 KaTasu3arTa, 


Bec. % v, k-10?, m, ‘3 
é ee MJ mM Mu a ig Ro lek 103 
C,H C,H, MHH MHH+MJI KaT|MHH.MJI KaT : 


| 


KOHCTaHTY CKOPOCTH MbI NPHHHMaJIM KOMUeECTBO MUJIMIUTpOB BOoOpona, 
BbIMeIAIOUIMxXcaA B | MHH. Hal Mi KaTamM3aTOpa; MpH 9TOM Hallo MMeTb B Busy, 
4TO Ha | MOWb OeH30VIa BLIeAeTCA 3 MOA BOOpoMa. SaBucumoctD lg k or 06- 
paTHOH TemnepaTypbI Kak B caryyae Re-| (puc. 1), Tax B cnyyae Re-2 (puc. 2) 
nepefaeTcA MapaJVIeIbHbIMH MIPAMbIMM. OvepruaA akTUBalluM Mucnponopilno- 
HHPOBaHMA BOAOpONa B WHKOreKceHe, pacCuHTaHHad M3 HaksOHAa MPAMBIX, 
coctapanet 12,8 Kkan/Momb Jia Re-1 u 7,7 KKan/Momb ua Re-2. 
B TeX Onbitax, B KOTOPBIX HaOull0Jamocb 3aMeTHOe BbIJeeHHe BOJOpota, 
CKOPOCTb peakIMM OKasaslacb MpHOMM3HTeIbHO B-1,5 pa3a Hu2Ke, 4YeM MO2%KHO. 
ObINO OHKUMATb, UCXOMA M3 SKCTPanOIAUMU MpAMbIX puc. | u 2. Sto MomxKHO oOb- 
SCHHTb TCM, 4TO B YKa3aHHbIX YCJIOBAAX Mpollecc user Cc OobWIOH cTeneHbIO 
npeppailenua (60—75%), H 30ecb BO3MO2KHO OTKJIOHEHHe OT HyJIeBOrO NMOpAAKa. 
Samerum, uto H. A. Ilernopa nu M. 5. Karan (5), u3yyapuime sty peakiuio aa 
MAaTHHe, YCTaHOBWJIM, 4TO AHCMPONOPWHOHMpOBaHHe BOMOpOsa B WuksNOreK- 
ceHe HeT NO HYAeCBOMy NOpAAKy. 
796 
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Conocrapnenne * KMHeTHYeCKHX JaHHbIX NO JlerHAporenusalHHN UuKNOreK- 
Ha MW JMCNPONOPHMOHMpOBaHHIO BOJopofa Ha KaTamu3atopax Re-l u Re-2 
JOka3piBaeT, YTO SHEPIMM aKTMBallMM OOONX Npoleccow Aa AByX KaTamH3aTO- 
JOB coBNayaior. Kpome Toro, BewMunHEI ko u e/lg ko JOBOMbHO OnM3KH. STO 


igk 

b \g # 

i 16 

42 th 

40 12 

ge 10 

96 08 

Uh 06 

er Ee AL A I OO RE RY 
Ye-0 1/ yh 
Puc. 1. HeoOparumpli kaTasmu3 Puc. 2, HeoOpatumplt KaTamu3 wWHKIOreK- 
IWHKIOreKceHa Ha KaTaJIH3aTo- ceHa Ha KaTamMsatope Re-2 
pe Rel 

JOBOPUT O TOM, YTO OOa NpoOllecca JHMHTHPYIOTCA, NO-BHAMMOMY, OLHOM nu TOK 
Ke crajuel. Jia kaTanusatopa Re-2 o6pa30BaHue GeH3s0u1a M3 WHKOreKcaHa 
ieT mpHOMM3NTeIbHO BABoe ObicTpee, YeM H3 WuksOreKceHa (TaO. 3). To 
anHpim M. A. Karana u H. A. Ulernosoti (°) ckopoctb eruazporenu3auun 


(uksiorekcaHa Ha Pt B 4500 pa3 MeHbIle ckOpocTH MpeBpallieHua UWnkKOreK= 
zcHa. M. A. Karan u P. M. Ouug (’) 

CTaHOBHJIH, YTO TEPMOAMHAMMYeCKH U TaOauna 3 
WMHETHUCCKH (Pd) mpotwecc AUcIpo- Penvesblit kaTasmusatop Re-2; 
JOpunoHMpoBaHUA BOfopofa UMeT Mer-  (e/lg ko)-10-8= 2,42; (e/Ig ho,)-10-8=2, 64 
lament HETHIPOTeHHMsalua ‘PekcameTu~ 2 ee 
|CHOBLIX yrueBoxopogos. Mcxoza us CRODOITE oOpasort: 

Oro, aBTOPbIl JelaloT BbIBO] O CTy- HUA OeHsOua HS : 
eHy¥aTOH Jlerufporenusalluu Wuksuue- T-pa, °C ES ere ae eae ‘ 
ikuxX yrieBofqopoyos. Mexanyusm, mpu- 


caHa ol & a 6. 10 
i Ror= 1,7-10| Roo= 8,9- 102 
[MMaeMbIM HMM, MOXHO M300Pa3HTb 4 d 


BeNyiouliel CxeMou: 246 | 0,98 | 0,46 | 14,40 

272 iy) 0,63 1,98 

- 281 1,49 4,00 4,22 

3CgHi. —> 3CgHi0+ 3He 284 1,50 1,02 2,32 

3C eH 19 dle CeHe a 2CgHie 341 2,70 4 ,82 4,04 
CoHiz “$ CgHe + 3He * n — UMC/10 MOJeli WMKsOreKceHa, lipespa- 


ialouluxca B 1 MHH. Ha 1 Ma KaTasH3aTO- 
pa H yMHoxwenHHoe Ha 67,2-103. 


Mbt 3ecb OMyCKaeM cTaflMio OOpas0BaHuA WuKsOreKcaqMeHa, YTOObI He yCJI0%K- 
iATh CXEMy M paccy2KeHns. 

C apyrok cTopoHbl, Ha OCHOBaHHM MpHHIluNa crpykTypHOroO cooTBercTBuA 
yabTunieTHon Teopun (°) Kak AIA KaTamMsaTOpoB, paccmoTpeHHbix M. fH. Ka- 
ano u coTp. (Pt, Pd), Trax u Qa peHua ciefyer OKUaTb CeKCTeETHOrO Mexa- 


* Tipu comocTaBeHHH CilelyeT HMeTb B BUY, YTO KaTausaTop Ned B (?) u Re-1 nacrosmer 
a6oTbl IpencTaBssioT ccOoH OMH M TOT Ke KaTasHsaTop,; Re—C 8 (1) uw Re 2 umentuunp. Ak- 
HBHOCTb COOMX KaTaIH3aTOpOB NO WHKWIOreKcany B CepHAX ONBITOB C WMKMOreKCaHOM HM WHKJIO- 
€KCCHOM OcTaBalaCb MOCTOAHHOH. 
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¢ ‘ 
| 
HH3Ma JlerMfporenusalluu, T. €. mpolecca, MAyulero 6e3 MpOMexKyTOUHbIX CTa- 
Auli C OMHOBPeMeHHBIM OTUeMIeHHeM TpeX MOvIeKyJI BOMOPOAa. | 

Herpyauo Buyerb, uTO ecm Obl CTYNMCHYATHIH MeXaHH3M Obl BepeH, TO 
mi<mz. STO HeoOxoumoe (XOTA HW HeLOcTaTOUHOe) YCMOBME BbINOHACTCA B 


pa6ote (°). Ilo skcnepHMeHTaJbHbIM JaHHbIM HacTOAel padoTbl, HaodoporT, 
mi> me. Takum o6pa30M, NMOJly4eHHBIe 


TOE pesyJIbTAaTbI TOBOPAT 3a TO, YTO Mery 

PenneBhid KaTamMsaTop Re-1; poreHu3sallnA UukKsorekcaHa Ha PpeHHH 

(e/lgko1)-10-8= 2,96; (e/Igkoz)-10-? = 2,69  wfeT He NO cCTyNeH¥YaTOMy MeXaHU3MyY, 
a m0 CeKCTeTHOMY. 

Crauceey Opes bra: Ha xatanusatope Re-l cKopocTs 

HHA OeHSOna HB oOpa3s0BaHusd OeHso0Ia H3 WMKJIOTeKCEe| 

ane ememten ac ee” n Ha Oobille, "eM H3 WuKIOreKcaHa, 

a 7 IpHOM3uTeMbHO B 2 pasa (TaO.. 4), 

Xora tua Katamusatopa Re-l mi<mea,} 


cana cena 
Ryy=2,11 -104|Roo=5,75 -104 


301 0,28 0,74 222 TpyHHO mpekmoox*KuTb, TOOL! Ha 
re 0,78 1,37 4,12 KaTaJIM3aTOpax OHO HM TOW %e XMMH- 
98 1,34 2,50 6,84 i a OJHOM M TOM 
413 184 3°08 9°95 yeckoH Mpupodbl HW Ha OF 


*%Ke HOCHTeNe AerMAporenHu3salluA WAKIO-¥ 
rekcaHa lpoTekaia MO pa3HbIM MeXa- 
HH3MaM. Syecb culefyer OOpaTHTb BHHMaHHe Ha TOT (akT, YTO WHKJIOTeKCeR! 
oOpasyerca Ha KaTausatope Re-l HecmorpaA Ha TO, 4TO CKOpOCcTb Mpespa 
mleHHA WuksorekceHa B 6—8 pa3 Oomblle, 4eM WHKOreKcaHa. 

Eca Obl WMKMOreKceH Obl] OCHOBHBIM MPOMeKYTOUHBIM MPpOLyKTOM (KaK 93TG 
culeqyeT U3 MpuBexeHHOH BpIle CxeMbI), TO MPH TOM COOTHOWeHHM cKOpocTer 
MpeppallleHuA WMKOreKceHa M WHKJIOoreKcaHa, KOTOpoe HMeeT MeCTO Ha KaTa 
ausatope Re-2, WuKOreKceH MOXHO OpiI0 Obl OOHAPYKUTL B KaTamusaTe. OF 
HaKO, KaK YKa3bIBaJlOCb Bblllle, WuKJoreKceH Ha Re-2 oOHapyxeH He Opi} 
Takum o6pa30m, WuKJoreKceH, oOpasyioululica B KomMuecTBax 1—1,5% mpr 
Aeruporenusalun Wuksorekcana Ha Re-1, He ABIAeTCA OCHOBHBIM MpOMexXy}} 
TOUHbIM IPOAYKTOM, a NOyyaeTcA B pesybTaTe peOepHoro MeruApHpoBaHuA 
KOTOpoe B HeOObIOM cTenmeHH UueT HapxAy C CeKCTeTHbIM. 


Muctutyt opranwueckoH xumuu um. H. J. 3enuuckoro Tlocty muito 
AkajeMHH HaykK CCCP 24 VII 1959 


UHTHPOBAHHAS JIMTEPATYPA 


1A.A.Banaugun, E.WU.Kapneuticxaa, A.A.Tonctonat | 
199,097 (10sey PAO Ae eas ee MW. Kapneiicxasg, A AT oneee ae 
TOBA, Vi3zs. AH CCCP, OXH, 1959, 1365. 3 A. A. baja Hon uan | Ee U. Kap! 
welicK aa, A. A. Towetonmarosna, Hes, AR CCCPpy oc: 1959, 1529} 
P.G. Harvey, R. M. Pearson, Analyst, 79, 158 (1954). ° H. A. er} 
nopa, M.A.Karau, )K®X, 23, 1083 (1949). ® M.A. Karau, H.A. Wlernosat 
MO@X, 23, 1203 (1949). *7M. &. Kea nary, eM Our Hen KD a 20umn iG (1946) | 
8 A.A. Banauaun, KP®XO, 61, 933 (1929). 
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HTornzage Akagemunu nayrk CCCP 
1959. Tom 129, Ne 4 


XHMHA 


T. H. HBAHOBA, B. A. KPEHLEJIb, H. A. MOKATHJIO 
M akanemuk A. B. TOMUMEB 


NOJIMMEPH3AUMS 3-METHJIBYTEHA-1 


CrepeoperysapHpre momMomedpuHb, OOpasyloulMecd pH nomMMepusallun 
CKOTOPbIX Ca60 Pa3BeTBJICHHbIX G-Oe*PHHOB C KOMIMJICKCHbIMHM MeTasoopra- 
MueCKHMH KaTa/IM3aTOpaMu, XapakTePH3yIOTCA BbICOKOM TemMnMepaTypou miaB- 
e€HHA, YTO BLITOAHO OTJHYaeT UX OT PAA AHAJIOPMUHbIX NOMUMepoB. McceqoBa- 
ive MOJMMepu3allH PasSBeETBJICHHbIX G-OJIePHHOB Cc NOMyYeHHeM cTepeoperyAp- 
bIX MOJIMMepOB HM H3yYeHHe CBOHCTB NMOCIeAHAX MpekcTaBAeT CyUlecTBeHHbIH 
eopeTHyecKuH MHTepec B pellleHuu OOWeH 3aauN ycTaHOBJIeHHA 3aBHCUMOCTH 
ey PeaKIMOHHOHM CNOCOOHOCTHIO MOHOMEePOB, CTPYKTYPOH HW CBOHCTBaMM CTe- 
eOPeryAAPHBIX NoMONepuHOB. B sro cBA3u U ObLIO MpeANpHHATO uccseO- 
BaHve NOMMepusalluu 3-MeTumOyTeHa-1 c KOMMJICKCHbIM MeTaJIJIOOpraHuuecKUM 
KaTaJIM3aTO POM. 


IKCNeCPHMEeHTANBHAA YWACTH 


Mcxoyupiii MoHoMep, 3-meTusOyTeH-1, IpMroTOBAICA MMpOH30M H30aMHI» 

alletata, KOTOpbIli xapakrepu3osBasica: Np 1,4003 (ant. np 1,3999), dy’ 0,8766 
(aur. d;° 0,8762), 1. kun. 136,5 — 139,5 (aur. T. Kum. 142°). 

TlpeqpapureibHoe ucciefopanue mpeleda mupomM3a moKa3a0, uTO HaH- 

6ouIblilee cOfepxKaHue TpeOyemoro yruieBosopofa B MpodyKTax nMpom3a alle- 

9% Tata flocTuraerca pu Temmepatype 

i 600°, o6bemHO cKOpocTu (B ra30B0H 

x 


-1 
xm py 230) 180 4acm. 
ib) 
& 7 
40 500° e § 
gs > 
2 ES OO 
1 hha AEN S§ 
DRE 106 160 vac S is 0 


400 = 500 = 600°C 


QbReMHaA CKOPOCTTIO 


Puc. 1. SaBucHMocTb MpoleuTa pa3- Puc. 2. SaBucHMocTb coJepKaHua 
JIOKeHHA H30aMHJalleTaTa OT OObeM- 3-mMeTul6yTeH-1 B rase OT TemmepaTy- 
HOW] CKOpOcTH HM TeMMepaTypbI PbI pasJloxKeHHA pH  oObeMHOL 
CKOpocTH ofayH HM30aMHualleTaTa 

36 yac7t 


B 9THX ycCNOBMAX CTeMeHb pasioxKenuA allerata cocrapiana 84—89% u 
coflepxKanne 3-metum6yTeHa-1 B rasax 97% (aHamu3 C MOMOL{bIO MeTOsa raso- 
*KUKOCTHOH XpoMatorpadun). SaBucuMocTH, HaOvlioaemble mpH 11M posMse 
u30aMuJialleTaTa, MpeAcTaBseHbl rpasuyecKkH Ha PHC. lu 2. OOpa3ytouniica 
pu mMpomuse us0aMuJaletata 3-MeTusiOyTeH-1 KOHeHCHpOBaJICA B OXNaxKae- 
MbIX JIOBYIUKaX, CYIUMJICH Hal THAPHAOM KaJIbUMA WH 3aTeM NOABeprascA peK- 
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TupuKalun Haj, MeTasIJIM4eCKHM HaTPHe€M Ha HacafOuHOH KOJIOHKe, a 
JIeHTHOH MO MOroHOpa3szemuTebHO cnocobuoctTu 60 tT. T. LlomyyeHHEI TakKMM 
o6pa3s0M MpOfyKT XapakTepH30BaJICA CJIeAYIOWIMMH KOHCTaHTaMH: 


T. kun.°C npu 760 MM pT. CT. Np 
Hatizeno 49,0 — 21,0 1,3645 
Ilo murepaTypHbIM aHHbIM 29,4 1,3640 


B xKayecTBe KOMHOHeHTOB KaTalMsaTopa ucnoub3soBalucb Al(C2H;)s umn 
Al(i-C,Hy)s u TiCl, unu TiCls. AmomuuniiaiKkusibl IPHMeHAIMCb B O€CH3HHOBOM 
pacTgope w no anamusy cofepxanu: Al(C,H,)3 0,3 r/ma; Al(i-C,H,)s 0,32 r/ma. 
TpexxJIOPHCTHI THTAH NOyUaJICA BOCCTAHOBJICHHEM MeTAJIJIMYCCKUM HaTpHeM 
Hu cofepxKan 65% TiCls u 35% NaCl. 

Tlomumepusaliua 3-meruOytTeHa-1 npoBodusiach BO BpalllaouluxcaA 3anaAH- 
HbIX amiyiax (UV = 35 Ma), NOMeLI€HHbIX B TepMocTaT. B KayecTBe pacTBOpH- 
TeIA MPH NOMMMepusalluu CyKMI TenTaH, TUATeJIbHO OUMMEHHbIA MW BbICy- 
IWCHHbIM MeperoHkoli Hak MerasuIMuecKuM HaTpuHem. Amnywia npesBapuTebHO 
TIPOMbIBaIaCb AaPTOHOM, OCBOOOXKCHHBIM OT KUCTOpOAa, WH NOWMMepusalluA 
Ipopofsusach nok aproHom. Mcxouble KOMNOHeHTEI HM KaTasIM3aTOp 3arpyKa- 
JIMCb B OXJIaKJeHHY!IO aMIyJIy Take B TOKE OWHUIEHHOTO aproHa. 

Ilo oKOHUaHHH OITA AMIyJIa BCKPbIBasIacb MU COJepxKUNMOe OOPabaTHIBaJIOCb 
MONKUCJICHHbIM MeTAHOJIOM WIA pasJIOKeHHA OCTaBWerocH KaTaJlMsaTopa. 
OGpasoBaBlulicA MPH NOMMMepH3alHu TBeEPALIH NOMMMep OTMUJIbTPOBbIBAVJICA, 
MPOMbIBaJICA MOCMeAOBATeIbHO MeTaHOJIOM M BOJOH MU 3aTeM BbICYWMBAJICA B) 
BakyyMe Jo nocrosHHoro Beca. B cayyae nowumMepu3auuu Ha TiCls nommmep 
TULATeJIbHO MPOMbIBasIcA TOpAyeH BOZOK Aa ocpoGowpeHus ero oT NaCl. Tosmy- 
YeHHbIM Takum OOpa3somM nowu-3-mMeTHOyTeH-| npezcTaBsA COb6OK Geb NOpo- 
wok c T. mu. oKoNO 240°. B nomumepe onpelemamucbh XapakTepucTHYecKan BA3- 
KOCTb B TeTpasiMHe (m0 a30TOM) mpu 135° (npexBapuTembHoe pacTBOpeHHe 
NosuMepa B TeTpasiHHe MponsBoAuocb mpu 180°) u cofepxaHue u3s0TAaKTHYe- 
CKOH YacTH NOCMeMOBATeMbHOH SKCTPaklMeH KHNAWMM SPUpOM MH TenTaHOM HO 
aHaJiOrHH Cc uccuIeqOBaHHeM NosUNponMueHa. Hexotoppie oOpasibl uccesoBa- 
JHCb peHTreHorpadbuyecku (cM. pue. 3). I]pupoqum HanOomee xapaKTepHble 
OMbITHI: 

Onut 10. Katanu3sarop AI(C,H;),+ TiCl, B coornowennu 1,6: 1. 
CymMapHast KOHWeHTpalMA KaTalM3aTOpa B peakIMOHHOM cpeye (MOHOMep 4 
pactBoputeib) —5% no Becy. Temnepatypa nosmumepu3attuu 20°, npofom- 
XKHTCJIbHOCTb OnbiTa 2 uac. T. na. nommmMepa 240°, xapaxrepucTuyeckanA BA3- 
KocTb 0,44. Coyepxkanue yacTH, pacTBOpHMOH B KuNAMeM aiupe, 26,3%, 
pacTBopumMoli B kKyHNAeM rentaHe, 24,3%, HepacTBOpHMOH B KHNSALIeM ren- 
TaHe, 49,4%. 

OnuT 27. Katanusatop Al(i-C,H,),+ TiCl, B coorHomenuu 0,8: 1. 
Cymmapnaa KOHIeHTpalMaA KaTamusaTopa 2,8%. Temneparypa nomumepusa- 
unu 70°, Bpemsa onbita 25 uac. T. nu. nommmepa 210° (xapaxrepuctuueckan 
BAsKOCTb 0,15), comepxaHHe YacTH, pacTBopuMoH B KuNAIem 2scupe, 11%, 
PpacTBOpuMol B KuMAleM rentaHe, 58%, HepacTBOpuMoll B KHNAULeM ren- 
TaHe, 31%. 

Masoe cofep2KanHne u30TaKTHYeCKOH YaCTH B TaHHOM cayyae OObACHAeTCA 
MIPHMC€HEHHeEM BMCCTO TPHOTHMAJIOMHHHA TPHn30OyTHMaIOMHHMA, a TakxKe 
Hapylwenvem nopepxuoctn TiCls 3a cuer HaMUNA B HEM 3HAUMTeIbHBIX KOJIN- 
YeCTB NOBApeHHOH COUN. 


Iloctynuso 
16 VII 1959 
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K cmambe T.H. Heaxosott, B. A. Kpexueas, H. A. TMoxamuao, A. B. Tongueea, cmp. 799 


Puc, 3. PextrexorpaMMa H30TAKTHYeCKOH YacTH MoOuH-3-MerHnOyteHa-| 


K cmamee Il. B. Kosaoea, A. Ex@poixoeckotti u B. A. Kapeuna, cmp. 844 


Puc, 1, OnekTpoHorpaMMa moMMO¥eRHHBI 


4 
5 


Joxnagn Akanemuu nayrx CCCP 
1959. Tom 129, Ni 4 


XHMH 


H. C. HHKOJIAEB u A. A. ONAJIOBCKHM 
COJIM ®TOPOKCHMOJIMBAEHOBbIX KHUCJIOT 


(ITpedcmaeneno axademuxom H. B. Taxunaesoim 9 V 1959) 


ccyleqoBaHue cucremp1 HF — MoFs — HO meroyom H30TeEPpMUYeCKOH 
BOPHMOCTH (') NOKa3as0, YTO THApoMs rekcacbropuya MOMOseHa COMpoOBo- 
TCA OOPas0BaHHemM (bTOpOKCHMOWHOAeHOBHIX KUcIOT: H,MoO.F4-1,5H,O» 
2MoO3F,°H,O. OTH BelllecTBa, SABJIAIOULHeECA MpelcTaBUTeAMH HOBOTO: 
ca XUMMYeCKHX COeHHe- 
MOMOfeHa, ObwIH H3y- MoO, 
I B TBepfom Buge (1,7) u 100 
acTBope (°). 
cxoqAx U3 (bakTa cylle- 
BaHHA MOMOOHbIX KUCJIOT, 60 
CTaBJIAJIOCb WHTePeCHbIM 
HOBUTb COOTBETCTBHe Me@>K- 
THUMM KHCOTaMH WM UX Cco- 
4. C 9sToH Welbio Obwia 
eHa cuctrema KF — MoOQ,— 
MeTOJOM H30TepMHYeCKOH 
BOPHMOCTH (H30TepMa 25°). 
eOBaHHe STO CHCTeMBI 
OJWOCb aHaJIOTHUHO CH- 
HF — MoF,(MoO;) — 
(‘)c sameHoii dropucrogo- = 4-0" WD 0 70 7 wo" 
WHOM KMCJIOTHI (PTOPHCTHIM 
em. IlomyueHHbie JaHHble Puc. 1. Usorepma pacrsopumocra cucrempst KF — 
QUIMIOT CllelaTb  cJlely1o- MoOs — H20 (25°) 
BakJIOUeHHA (CM. pxc. 1): 
. C yBeWv4ueHHeM KOHIeHTpalu (TopHcToro KaJIMA B pacTBope, pacTBOpH- 
b TPCXOKHCH MOHOeHa BOSpacTaeT, AOCTHTaA MaKCHMaJIbHOrO 3HayeHUA 
KOHUeHTpauuu KF, papuon 19,0%. 
. HayabHble KOHIeHTpaluu (TopHcToro KaJIHA B CHCTeMe BbIABHJIH 06- 
MW TBepAbIX (ha3 NepeMeHHOrO cocTaBa. OTO OOCTOATEbCTBO yKa3bIBAeT Ha 
OMKHOCTh OOPa30BaHHA B 9TOH OOMACTH TBePAbIX PaCTBOPOB. 
. YBesMYeHHe KOHUeHTpalluu PTopuctToro KaJuA B pacrBope (KF>19,0%) 
OMT K pe3KOMy YMEeHbINeHHIO PaCTBOPHMOCTH TpeXOKHCH MoJIHOJeHa. 
aB TBEPAOH (a3bl Ha STOM Y4acTKe KPHBOM PaCTBOPMMOCTH OCTaeTCA MOCTOAH- 
WM COOTBeTCTBYyeT coemuHeHHIO KsMoO,Fs3. Ota TBepAad chasa Opwia BbIeseHa: 
JIBeprHyTa XHMHYECKOMY aHaJIM3y, KOTOPbIli NOATBepAM CocTaB, NOuyueH- 
rpauyeckum nytem no IlIpeiHemaxepcy. 
Hatineno %: MoOs 44,89; KF 54,92 
KsMoOsF3. Baruucmeno %: MoOg 45,23; KF 54,77. 
OrtHomenue KF : MoO; = 3,03: 1 


Obnacine 
HEONPEOENEH- 
Hbix Cocmabob 


HESS 
Wa 


>) 


. Kak 6plWI0 NOKa3aHO paHee aBTopamu (*), Boa B LMropoKcHMOJIHOLeHO- 
KUCIOTe BXOJMT BO BHYTPeHHIOIO ccbepy KOMMJIeKCHOTO COoeqHHeEHHA. ITO 06- 
T@JIbBCTBO JlaeT OCHOBAHHe JWIA NpeANOORKeHHA M3BECTHOH CBA3SH MO CTPyK- 
OMy IIpPH3Haky MexKLy AupropoKcuMoiMOfeHoBoH KucMOTOH HeMoOsF,- 
5 MH dasoli, BbiqeteHHOH B cucreme KF—MoOs—H2O(K2MoOsF2 -KF), 


804 


BBICTyMalolleli B BHe KaJIMeBoH COM JUTOPpOKCUMOMHOeHOBOK KUCAIC 
[pu u3yuenun noBeseHuA BOLHOLO pacTBOpa TPeXOKHCH MOHOLeHa HM PTOPHCT 
xausa [muru-Jlymoutom vu Onrenroddom (*) Obl BbiqeseH pay coeqHHeH 
KOTOpble B HacTosiiee BPeMA peMCTaBAeTCA BO3SMOXKHbIM TPaKTOBAaTb | 
CoM (PTOPOKCHMONHOZeHOBEIX KUcsIoT. MHTepecHo, OMHaKO, OTMETHTD, 4TO I 
HeMOCPeACTBEHHOM B3aHMOJelCTBUH TpeXOKHCH MOJIHOeHa C H3ObITKOM BOTH 
pacrBopa (bropucroro KaJIMA yNOMAHYTHIe aBTopHl (4) NOY JIMLb Coeqy 
HHe, COOTBETCTBYIOULee TBEPAOl (base, BbIeeHHOH B cucreme KF—MoO; 
H20, tr. e. KsMoOsFs. Bee octasIbHbie CoeqHHeHHA MOJTyYeHbI B MeHee Ope 
JICHHBIX YCJIOBHAX. C HallleH 2e CTOPOHbI OblIO MpeANPHHATO HCCeLOBAal 
OCaKOB, OOpasyIOUUXCA MPH B3aHMOfelicTBHH BONHBIX PacTBOPOB @TOPOK 
MOJIMOQCHOBLIX KHCJIOT CO PTOPHCTHIM KaJIHeM H C THApaTOM OKMCH Kaduna, 
cJleqHee B MOpAyKe HelitpaiH3ayHu WM oOpasopanua KF B uccieqyeMbIxX pact 
pax. O6a mpvema COoTBeTCTBOBAJI BbIJeJIeHHIO OCaKOB B HEKOTOPBIX Kpaui 
TouUKax 6olee cOKHOH cucrempr HF—MoOs—KF—H.O. : 

Kpome pacTBopos, COOTBeTCTBYIOWIMX cocTaBaM (dTOpoKCHMOJIMOJeHOE 
xucior (F : Mo = 4 u 2), UcnOmb30BaIHCcb PacTBOPbI C H36bITKOM CTOPHCT 
Bpomopoga (F : Mo>4), a TaKxKe BogHBIe pacrBoppt (F : Mo=0). HomyueHnt 
OcaqKu (PUJIbTPOBaHCcb, CyWIMIuCcb upH TemmepaType 60—70° u no_Bepras 
XMMMYeCKOMY aHaM3y (cM. Tas. 1). Kak BHAHO 43 TaOJIMIb, IPHHATHIM Mh 


Ta6auya 
XHMH4eCKHH aHanH3 Coen 


F | Mo | F:Mo 
CocraEr HCXONH.. DACTBOP a: BEo%y || mum cnn nnn annnan ties inna CocTasB 
B MpoueHTax 


Cuctema HF — MoO3;— KF — H20 
17,94 30,45 3,00 


Boguniit pactBop H,MoO, 18.65 59.40 3 9 KsMoO3F3 
MoOs 27,45; 
heag 26,78 20mO2 5,00 
HF 8,08 etbes geile pans H.MoO.F>- 
F: Mo —2,12 36,28 2607 |. 50am |cainane te | 
MoOs 26,75 : 7 
HF 15,96 a4; 0" | 20res 01 TO one eee 
F : Mo = 4,29 34,68 25,46 6,89 
MoOgs 22,60 
HF 23,35- 27,92 | 28,20 | 5,00. lee MoO RieIGE: . 
F : Mo = 7,53 28,38 28,05 5,42 , 
Cuctema HF — MoO; — KOH — H,O 
MoOs Me 13,60 34,42 2,00 KACO 
jee) SE) 5 5 97 2MoOzF2:H20 
F : Mo = 2,00 14,54 32,21 PR VAT 2 
MoOg 25,10 17,91 | 30,15 | 3,00 | oe 
HF 13,64 > O05 3MoOsl's 
F: Mo — 3,91 £3), 19 31,07 Py) 
Tees Meee 475 9 SOG ANS 3,00 KeMoO.F 
24, 18.68 ‘ a 09 3sMOUsl's 
F : Mo 6,05 18,68 3L543 , 00 
Cou, MomyyeHHble pH rugpoumuse 
BofHpii pacrsop 29,32 31,97 4,00 | 
H,MoO2F,-3KF 5,76 | 31,85 | 2,08 | KeMoOF,-H.0 
Bogublit pactBop PAD av 31,97 4,00 
KyMoO2F4-KF 25565 |") BisbOvrh Sua | yea erne ee 


1 
IIpumeuanne. Inppp way veprot — BeluncmeHHble, nog yepTol — nafiqennnie. 


@MOM OKA3aJIOCb BO3MOXKHbIM CHHTe3HPOBaTb PA KaJIMeBbIX Coulelt (bropoK 
MOJIHOJICHOBbIX KHCJIOT. i 
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APOME IIPHBeCCHHBIX IIPHEMOB CHHTe3a B paOore UCHO/Ib30BaH MeTOL, B OCHOBY 
poro MojoxKeH THAponus coequHeHuli H.MoO,F, -3KF u K2MoO.F,)- KF, 
YYeHHBIX B YyCJIOBHAX cHcTeMbt1 HF—MoO;—KF—H,O (cm. ta6u. 1). 
MepeKpHcTaJJu3a- 

YIOMAHYThIe coequHe- KoMo0, Fo 428 

MOBepraJIHcb yacTHuy- 
y rHpouMsy coracHo 
BHEHHAM (cM. Ta6s. 1): 


v7 


rel 


K MoD, f° KF 


MoO.F4-3KF,+ H,O = 


2MoO2F4-H2O0 ++ KF ++ H Mo0,F,: 3KF 


+ 2HF, 


ipMoO.F,-KF + H,O = 


K2MoO2F, » H,O +- KF. 


akKYM yTeM ObIWIO 


HasaHo o0pasoBaHuie K MoO, F,: KF 
WeBOH COM TeTpa- 
|p OKCHMOJI HOeHOBOH 


H 
he NpH PuApoJNse 


iMHeHHH, Comee Hachi- HoMo0, Fi, dKF 
|: HbIX @TOPOM. ‘ | l {| fi lh 
iBce BEIeJIGEHHbIe COU 


| M mogxBepruyTh peut- 2 Of G2 gs 4 Qs 
jorpaduyeckomy uccie- sin? @ ———> 
i: JlaHuple peHTre- pyc, 2. PentTrenorpaMMbl KaJIMeBbIX Coe (TOPOKCHMO- 
paduyeckoro aHaJH3a JIMOACHOBLIX KHCJOT 


fa3aJiu (pvc.2) HHMBH- 

LJIbHOCTb NOJIYYeHHBIX BelllecTB. PentreHorpaMMb! JIA KaJIMeBbIX COJIeH OAHOH 
(OTbI MOUTH OJHOTHMHbI WM pe3KO pa3/MYaIOTCA PW CpaBHeHHM OAMHAKOBOFO 
[a colelt pasHbIxX KHcJIOT. CpaBHeHHe MOJTYYCHHbIX PCHTTeHOrpaMM C PeHTreHo- 
\MMaMH HeKOTOpbIxX cose, paHee BbileneHHEIxX IImutTu-JtymMoutom u Onrex- 
hpom (*) mocpexcTBOM MIpHBOAMMOH HWxKe CXeMBI: 


n>6 KsMoO3F3 > — KeMoO3F2-H2,0 
MoOs + nKF -$ ag pam» MANOOsF8 > dunenpar > ReboGehar' 
95° J 


KeMoO3F2 


(neycTohuns) 


n<é6 110° 
eae K3Mo,4043F - 3H2O 4 KsMo4Oi3F 


— 8H,0 (HeycTOluHB) 


L-. dbuaprpat - KeMoO;F4-H20 


n=0,5 
—> K2Mo4Oj3 
95° 


[Ee 


a3ai0, 4TO B OOOMX cyyaAX NOyYeHbI OHH UM Te Xe coeqHHeHuA 
_ puc. 3). Hexoropoe pacxoxkqeHHe B peHTTeHOorpamMax HaOJlo_aeTca MA COMM 
AoO3F,-H,O no cpaBHeHHio c JIMTepaTyPHbIMH JaHHbIMM. OTH pacxox*KAeHuA 
YT ObITbh OObaAcHeHEI Tem, uTo ILmuru-[ymont u Onrexrocdd (*) amen 
10 (pasy Kak CJleqcTBHe cmoco6a MpHroToB/IeHHA, OTJIMYHOrO OT Haulero. 
Takum oOpa30M, nomyyeHHble ba3bl HACHTHUMMPOBaHbI C H3BeCTHbIMH B 
eparype H COBMajaloT C pesybTaTaM XUMUYeCKOrO aHasH3a. DakT CyUeCTBO- 
MA KHCOT 3THX Covel (1,2,°) Tak2Ke FOBOPHT B MOMb3y IpHBeAeHHbIX opMyJ. 
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CoelvHeHHuA MO HacCcbIII[eHHOCTH MOVJIeKYJIbI (TOPOM pacmoJlaratoT 
B psn: K,MoO,—K,MoO;F,:-H,O + K,MoO3F,:KF — K,MoO,F,-H,O 
— H,MoO.F 2 ® 3KF —_> 
— K,MoO,F, -KF> 
— H,MoO,F,-3KF. 
BpiyeuyIeHHble COJIM CO 
KyMoO,F,"H,0  BeTCTBYIOT KucJOTaM, pak 


/ BbIeJICHHBIM B  CHCTE 
Sk thy ys Bio too a 

O6pa30BaHHe KHCJIOT CBA 
KoMOUsFy KF =o c¢ rHpomH30M B pay 


MoF, — H,MoO;F,:H,O 
— H,MoO,F, —> H,MoO 


CaMu KHCJIOTH OJIK 

f ObITb CHJIbHO FHpOJ1H30) 

HbI B pa30aBJICHHBIX Pp: 

TBOpaX HM MoMmbirKa nosy’ 

HHA COJleH U3 TAKUX Pact 

poB MyTeM HX HelTpaJM. 

ILM WlesIOUbIO He Jlasia M0. 

K-MoOsF.-H,0 2XHTeJIbHBIX  pesyJIbTaT¢ 

/ ge 24 2 tak KaK MPOWCXOMUT NOME 

PHpowuTMYecKoe pa3zJo7' 

7 HMe HCXOAHOH KUCIOI 

00 8 0 0 D O 0 OB @ Vouo nostomy, Lame 

Tesa cove cbropoKcHmMomi 

Puc. 3. PentrenorpaMMb KasMenbix comeli dropoxcumo- ACHOBbIX KUCJOT OBIIM Tj 

JIMOQCHOBLIX KHCHOT (/ — 2aHHbIe aBTopoB, 2—faH- MeHEHBI % BbILey Ka3aHP. 
HEIe (?)) IIPHeMbI, » OCHOBaHHbIe 

H3y4eHHH OCALKOB, BbITed 

HbIX B H€KOTOPbIX KpaHHHx TOUKax cHcTremMp1 HF—MoO3—KF—H20. 


K»MoO,Fp' KF 


Ky MoO, Fa° HO 


] 


VUucrutyt o6mei uw HeopranwvyeckolH XHMUH Tloctynuao | 
um. H. C. Kypuakopa 24 IV 1959 
Axajemuuw Hayk CCCP | 


MuctutyT HeopraHwueckoli XHMuM 
CwOupceKoro oTfenmenuia Akaqemuu HayK CCCP { 


UMTMPOBAHHAS JIATEPATYPA 
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Hokuann Anagemun nayx CCCP 
1959. Tom 129, Ne 4 


XHMHA 


“Ynen-koppecnonyent AH CCCP A. JJ. METPOB, HW. M. FBEPAWMTEJIN 
“u K. HW. GWEPKE3SHUIBHJIA 


B3AMMOJEMCTBHE TPHSTHJICHJIAHA C BTOPHUHbIMH 
M TPETHUHbIMH BHHWJISTHHWJIKAPBHHOJIAMA 
B TIPHCYTCTBHH H.PtCl, 


ileicTBvIO Pa3JIMUHBIX TMAPHACHaHOB Ha HeMpeebHbIe coeMHeHUA B 
CYTCTBHH Pa3HbIX KaTaJIM3aTOPOB MOCBAILeHO MHOro paGoT. O6niyHO B Ka- 
Be KaTaJIH3aTOPOB IIPHMeHAIOTCA YIbTpad:uoserosyle yu, nepexucu, AICls, 
irs, ZnCle, BCls u apyrue. Ho Hexoropple u3 9TUX KaTasM3aTOpOB, Hanpu- 
MepekHcH H yuIbTpaduoweroBble JIyYH, B CJIyYae BbICOKOMOJICKYJIAPHbIX 
IDMHOB JlalOT HEBbICOKHE BbIXOJbI NpPOAyKTOB MpMcOeMHeHHA, WIM BOBCe 
KaTausupyior peakunto. B 1954 r. Barnepom u corpyfHuKamn (') yc- 
HO ObIJI NPHMeHeH B peaKIMAX MPHcoeAMHeHUA THAPHAcnHaHOB K oOvedu- 
TwaTHHUPOBaHHbIi yroub. ABTOPbl NOKasaH, YTO B CyYae MaTMHUpoO- 
Oro yrvic, B MeHbIUel CTeMeHH HAYT NOOOUHHIe peakUMN NOMMMepusallun U 
KONbI Soyee BbICOKH. 

. A. Merpos, B. A. Tonomapeuko u zpyrue (”), uccmeqyA peakiuu mpucoe- 
PHA THAPHACHaHOB K HenpeeJIbHbIM COCAMHEHHAM B pucyrcTBuu Pt/C, 
IM MCTHJIUXJOPCHaH WM STHIAMXJOpCHaH WM NOKa3aM, 4TO B TO BpeMx 
|9TM THAPHACHAHBI C XAOPHCTBIM aJWIMJIOM M XJIOPHCTBIM MeTaJWIMJIOM mpH 
bb30BaHHH MepeKuceH u ybTPpadHoeTOBbIX NWyyeH WatoT HeOoOMbWHe BBI- 
, B cayyae Pt/C Bpxofbl a-xOpaIKHaIKUIJAXJIOPCHIaHOB MOBbILlAa- 
IH, HO HM 3lecb MMeeT MecTO NOOOUHaA peakKWHA — MOMMepusallua. 
\IpotomKasa paGory B 9ToM HanpaBueHun, A. JI. Tlerpos u corpyaunkn (°*) 
MeOBaIH JIA BbIleyKa3aHHbIxX peakWMh Apyrue MeTaJIbl BOCbMOH rpynnbl 
basHbIx HocuTenAx. ViccmeMoBaHHble KaTasIM3aTOPbI ObWIM pa3qemeHbl Ha 
PpyNMbl: KaTasM3aTOPbl, cmocoOcTBYyIOlWMe MpOTeKaHHIO PiaBHOH peakun, 
TaIM3aTOpbl, cnocoOcTBy!Ollve MpoTeKaHHiO NOOOUHOH peaklHH. 

| 


WIM HOBbIM KaTanusatop 0,1 M pacrsop H,PtCl,-6H,O 8 u3s0nponni0BoM 
bTe. Oxa3aocb, 4TO 3TOT KaTaIM3aTOP MMeeT MOBHIWIEHHYy!O KaTaJIMTHUe- 
O AKTHBHOCTb HM MO3BOIAe€T MPOBORMUTh peakUWiIO MpHcoesuHeHUA THApPHA- 
HOB K OecpHHaM pH KOMHATHOH TemMepatype, NPHYeM yMeHbIlaercsA Bpe- 
peakIMM MW MOBbIMAIOTCA BbIXOAbl MPOAyYKTOB mpHcoequHeHuA. B paodore 
MbI HCCJIeqOBasIM B3aMMOfelicTBHe TPHSTHJICHIaHa C BUHMJISTHHHIKapOu- 
MH B UpucyrcrBuu Pt/C, B HacTosueH paOoTe MbI NOBTOPHIM peakiMN Cc 
eHenuem 0,1 M pacrsopa H,PtCl,-6H,O B usonponnioBom cmupTe c 
10 MOBbIMICHHA BbIXOJOB MPOAyKTOB MpHcOeAHHeHHA HW yMpoOUleHuA peak- 
HbIX yCJIOBui. Kak Opii0 MOKa3aHO Hamu PaHee, peakUMA TPHSTHJICHIAaHa 
HHWJISTHHUIKapOMHOaMH MpoTeKaeT MO Cxeme: 


eaBHO NoxBusacb paGota Cnetepa wu coTpyAHuKosB (*), KoTOpple mper- 
} 


R OH R OH 
, 
\oZc¢=c—cH = CH, + (CH,) SiH ee wee : = Cie Chee Ces (J) 
Ae R — Si(GH,)s 


MW BEIXOJbI MPOAyKTOR mpucoekunenus KomeOmI0TcA oT 25 Jo 52% (or Teope 
yecKOro). 

B cayyae mpumenenua H,Pt,Cl,-6H,O oxkasasocb, uTO peakUMA Npo 
KaeT IPH KOMHATHOH TemmepaType M 3akaHUMBaeTCA B TeveHHe 2 4aC. H BBL 
Jbl B CJIy4ae TPeTHUHbIX BHHUSTHHMIKAPpONHOJIOB SHaYMTeIbHO MOBBbIWMAIOT 
mocturan 55—65% or Teoperuyeckoro. OfHako Cc BTOPHUHLIMM KapOuHosA 
peakIlMa mpoTeKaer no Apyroli cxeme c OOpa30BaHHem NpocToro aipupa: 


yo (CoHs)s 
RCHOH — C = C — CH = CH, + (C,H,),; SiH # RCH— C=C — CH= CH. ( 


Eme sp 1953 r. A. J. Merpos u corpyauuxu (°) mpeqnonoxuaiH, YTO B3aUl 
jlelicrBue TPHHbAPOBa peareHTa C aLleTHJICHOBLIM CIMPTOM, a 3aTeM C RaSi 
MOKeT MpOTeKaTb KaK IO ypaBHeHHIO (a) 


1 


CH, OMgx GH, .. __OSIR, 
Wa ‘ NZ 
C= = CMEX -E'R,SIX = Clac SCH 
7 “a 
CH, CH, 


Tak H M0 ypaBHeHuto (6) 


CH, OMgX CH, OH ! 
Sy, 7 
C= .C S3.GMeX=b RiGixX = Clea ai, 


CH, “i cH ) 


Ho snocseqcrBun Kak aBroppt (”), Tax u V1. A. Wnxues (°,°) c corpyqunKke 
WOKa3asiu, YTO peaKUMA B U3yYaBLINXCA YCJIOBHAX MpOTeKaeT TOJIbKO NO yp 
HeHuto (6). B Halliem culy4uae OKa3amOcb, YTO peakKUMA MOKeT MpOTeKaTb F 
mo cxeme I, tak nu mo cxeme II B 3aBNCMMOCTH OT yCIOBHH, Ipuposbl Kap 
Hoa WH KaTasM3aTopa. 

ia ugestudukalun mouyueHHoro KpeMHHHoprannyeckoro stupa OF 
popeseHa BCTpedHad peaKkllua: 


1 
OSi (C2H;s)5 

RCHOH — C = C — CH = CH, + (C,H,;); SiCl + RCH —C=C—CH= CH. ( 

OSi (C;H,)s 

Bce KOHCTaHTHI BeIECTBa ( ey arte C=C] Cn yh » HMOJYYCHHOrO Kak 


cxeme Il, tax u no cxeme III, xopomio cosnagator. Takum o6pasom, Moy 
yTBepxKLaTb, YTO peakUMA NPHCOeAMHeEHUA THAPHACHMaHOB K BTOPHUHBIM | 
HWJIAUeTHJICHOBbIM CNMUpTaM ufeT mo cxeme I wu no cxeme II. Oro 3aBucu 
XapakTepa KaTaJM3aTOpa HM HCXOAHOTO HenpeebHOrO coequHeHHA. d 
Hamu Opiia Tak2Ke mpoBefena Jeruapatauua c KHSO, nomyyenupix xpi 
HMMOPraHMyeckUX COeCMMHEHHH C JBOMHbIMH CBA3SAMM B G- HW y-NON0KeHH} 
aTOMy KPeMHMA VM C THApoKcuIbHOH rpynnot B B-nonoxenun. Jlernaparta| 
mpoTekala riaqKO, U MOJIyYeHb! TPHeHbI C XOPOLIMMH BbIXOJamMu MO cxél 


R’ OH | 
NY —H,0 } 
cC—C=CH CH = CH, > RCH = C —C = CH — CH= Ch), 

Va | KHSO, | | 
R Si (C2H;5)s R Si (C2Hs), i 


Tlonyuenupie TpHeHbI — OeclBeTHIe NOABMXKHbIC KUAKOCTU, KOTOPHIe IPH Ci 
HHH MO*KeJITeIH WU sanouMMepv30Baucb. Bropuunpie KpemHnioprannyec| 
CIMpTHI, NOwyueHHble Hay Pt/C, B sTHX ycnOBUAX He JeruspaTupoBasnucn. Cr} 
CTBa BMepBbIe MOJLYYeHHbIX TPHCHOB M MpOcTBIX KPeMHUMopraHMyecKuX ¢} 
poB npuBeseHp B TaOs. 1. 
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NAO amrarnis 4 


MRp 
fa) = 
iity4eHHOe CoeqHHEHHe BexOm Jo ge ken, we n20 
OT TeopeT. °C/MM 4 
Haug. BbI4uCJ, 
| Senge : 60,8 78°/3 MM 41,4850 0,8384 741,44 70,54 
HCH, Si(C2H,); 
it en 89,0 | 89°/3 mm 41,4865 0,8417 75,77 75,47 
CH,$i(C2H;) 3 
Oye HCH, 28,6 106°/3 mm 41,5048 0,9044 81,57 | 82,30 
1) Si(C2H;)s 
HOSHCsH)s 
! H—C=C—CH=CH, 15,2 94—95°/5 mm 14,4560 0, 8596 66,40 66,00 
a 
H,CH—C=C—CH=CH, 10,7 90—92°/2 mm 44592 0,8625 75,45 75,26 


IKcNeCPUMEHTAMAbHHAA UsasCer 1b 


IleicTBuUe TPHITHACHAAHA HA AUMECTHABHHUS 
{HHMKapOuHON. B Tpexropsyto Kon6y, nomewlanocb 27,5 r Kap- 
yma, 29 r TpusTuscHaHa u 2 Ma 0,1 M pactBopa H,PtCle -6H,O B uszonpo- 
bBom ciupte. IlepememupaHve mpofomKanocb oO oxsaK-eHua peak- 
i HOM cMecH JO KOMHaTHOM Temmepatypbi (mpuMepHo 2 yaca), nocme 4ero 
| PasrOHAIacb B BakyyMe nox asotom. Tlomyyenni dpakuuu: Ic rT. kun. 34— 
43 8,77; IL cr. kun. 78—81°/2 31 r; ocranbHas uacTb 3anomMMepHsoBauacb. 


px Ilumena 91,4867; a 0,8903; Haitmeno MRp 72,95; OH 7,29 u 7,63%; 
nucneHo MRp 72,56; OH 7,57%; Beixon 54,9% (or Teoperuyeckoro). 


Hianneno %: € 69,06; 69524 Hi 11,54; 11,71; Si 12 25: 4472 
CygHe,OSi. Bpruucneso%: C 69,02; ale all ye Sit Ge ake 


Wherugmpatawua CygH,,OSi. Bpwo B3ato 5 r Beulecrsa, 2 r KHSO, 
ABIeH.) H 0,1 ©r MuTH30Ha; MOMelaIu B MpHOope AIA BakyyMpa3roHK4H, 
b HarpeBaM He Bulle 100° nox a30ToM B TeyeHue 40 MHH., Mocse ero 
rOHAIM; MOmyyeHoO 2,8r dpakuuu ct. kun. 78°/3; Bprxon 60,8% (or Teope- 
eCKOrO); HalileHo ne 1,4850; a2 0,8381; MRp 71,11; Beruucaeno 70,54. 
iannenon lo Galo. co: onl veld corms OOo Lomas am 

CisHosSi. Bpraucneno %: C 75,00; Jal dl Saye. Sims. 46) 
CHCTBHeC TPHSTHMCHMaAHA Ha MeCTHIITHABUHHASTHHUI- 
p6uHOW. B ananornyunbix ycnoBuAx Opasnm 31 r KapOvHona, 29 r Tpn- 
Wicunana, 3 ma 0,1 M pacrpopa H,PtCl,-6H,O B usonponumosom cnupte. 
be pasrouKu mosyuenbt cdbpakuuu: I 40—57°/7 2r; Il 57°/7 2r; 
780— 100°/3 6r; IV 108—110°/3 39 r; ocTanbHad 4uacTb 3anosMMe- 


joBalacb. Dpaxuua IV umena ny 11,4889; d7° 0,8942; Brrxoy 65% (oT Teo- 
wueckoro); HaiiqeHo MRp 77,45; Bptuncneno 77,19; OH% 7,13 u 6,76; 
RucneHo OH% 7,12. 


Haliyeno %: C 69,99; 70,12; H 11,69; 11,90; Si 11,43; 11,64 
CyH230Si. Brruucseno %: C 70,00; eG Gs Si 11,66. 


lerugpatauua Cy,H,,OSi. Brio saato 3 r Bemectsa, 2 r KHSO, 
,2T juTH30Ha, TOcse 40 MUH. KHMeHHA NOX a30TOM pa3s0rHaHo; NOsyuena 
AKUMA c T. Kum. 89°/3 2,4 r, BrrIxom 89% (oT TeopeTHYecKoroO); HaleHo 
1,4865; a0, 8417; MRp75,77; BbtuucneHo 75,17. 


Hafineno %: C 75,54; 75,60; H 11,92; 11,88; Si 12,15; 12,20 
CyaHoeSi. BaruncneHo %: C 75,67; Jal lahsigale Simi2role 
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TlefictTBue TPHITHACHAAHA HA MCTHABHHUND 
Hud KapOuHow. Bpanocb 24 r kapOunona, 291 TpusTHICHIaHa M é 
0,1 M pacrsopa H,PtCl, -6H,O 8 usonponmosom cnupte. Ilocne pa3ro 
nogyuexsi dppakuuu: I — vt. Kun. 37°7/2 517; Il —7v. kun. 69—71°/2 2, 
Il] — vt. xan. 72—74°/2 1,2 r; IV “79—8073 > 5,5 1; Vi 949577 aae 
VI 59—60°/7 5 r; VII 125—126°/2 7 r. ®paxuua V nmomy4ena Cc BbIXO 
15,2% (oT Teopernueckoro). 

Hatigeno %: C 68,07; 68,04; H 10,88; 10,95; Si 12,89, 12,99 — 
CygHe2OSi. Baruncaeno %: C 68,57; Jal AO) “72 Sil WS), o8) | 
Cpolicrsa mpuBeyeHpr B Tad. 1. 

TleictTpue TPWHITHACHAAHA HA AH-NPONMUIBUE: 
9THHUAKApPOHHO A. Boo paato 31 r KapOunoua, 29 r TpusTusicuan 
u 2 ma 0,1 M pacrsopa H,PtCl, -6H,O B usonponusosom cnupte. Ipu | 
roHKe nowyyeHb! (ppakunu: I 58—60°/2 6,8 r; Il 81—83°/2 3,8 r; III é 
8497/2 2,1 r; IV 8872 4,7 r; V 90—92°/2 6,4 r; VI 100—105°/2 “ae 
®paxuua V nosyyena c Belxofom 10,7% (oT Teopernyeckoro). 


Hafineno—%:-C 70,43; 70,13; H 10,40; 44,50; Si 11552; 11546 


h 


Cy,HeeOSi. Beruncneno %: C 70,58; H 410,92; Si diaiGe 
CrolicTBa mpuBefeHbt B Tadm. |. 
OSi (C2H5)s 
Ilonyueuue CH,—CH—-C=C—CH—CH, BCTPe€4HBIM CC 


tTe3om. BrpexropmoH# Kom6e nomeranocb 15 r MeTHIBHHMISTHHHIKAat: 
Hoa, 12 r nMpHAuHa MNO KanwAM LoOaBANOch 22 r TPusTHAXNOpCuaHa; MIC 
yusicd Geb ocawoK. Hocae Jo6aBseHuA BCeroO TPHaTHIXIOpcHaHa Koa 
rpeBaJlacb Ha KuNALeH BOAAHOH OaHe B TeyeHue 1,5 uac. Ilocne storo ordr 
TpOBasIM VM pasorHamM B BakyyMe. JlomyueHpr cbpaxunu: I 50—85°/6 3, 
I] 84°/6 71; Ill 85°/6 12 r. ®paxuna III] umena n® 1,4553; d? 0,8% 


Burxoy 36,5 (or reoperuueckoro). Hatiqeno MRp 66,44; Beraucneno 66,00. 


Hahgeno %: C 67,86; 68,65; H 10,80; 11,00; Si 13,00; 13,00; 
Cy2He2,O0Si. Brruucneno %: C 68,57; lah SOReA7/e Si 13,33.! 


Yuppoxceuna He OOHapyxKeno. 
OSi (C2Hs)s 


Tlomyueuue 4¢45,-cxH-csc—cuH=cn, 8B ananormuHEx onn¢ 


\HBIM BbIIMe yCIOBHAX Opwi0 B3ATO 10,5 r KapOuHOua, 6,6 r nupuauHa u Jol 
ianocb 11 r (C2H;)sSiCl. Mocne pasronku no BakyyMOM Novy4enb cbpak 
I 60—86°/3 5,2 r; I] 86—87°/3 5,8r. Ppaxuusa II umena iV 4oge; d-90,8% 


Burxoy 28,8% (or Teoperuyeckoro). Hatigeno MRp 75,79; Berancneno 75 


Hatigeno %: C 70,87; 70,98; H 414,00; 44,30; Si 44,60: 12550 
CysHogOSi. Brruucneno %: C 70,58; H 10,92; Si aeiior 


Tumpokena He OOHapyKeHo. 


TOHMCCKHA rocyLapcTBeHHbI YHUBepcuTeT Tlocrynmuno | 
um. MW. B. Cranuna 12 VIII 1959 


UMTHPOBAHHAA JIMTEPATYPA | 


1G. H. Wagner, USA Pat. 2632013; Chem. Abstr., 48, 2760 (1954); USA Pat. 263 | 
-Chem. Abstr., 48, 8254 (1954); Gall Whale nies) ebeanial Aes = ‘aleeelinds ona 
Chem., 45, Ne 2, 367 (1953); D. L. Bailey, A. N.Pines, Ind. and Eng. Chem.,] 
Ne 11, 2363 (1954), * B.A. TlonHomapeuko, B.A.CoKkoanos u ap., AAH, 1 
Ne 1 (1956), * A.W. Werpos, X.M.Muuauesa aop., JAH, 112, Ne 2 (1S 
41.L.Speier, LA. Webster, GU. Barnes, J. Am. Chem. Soc., 79, 974 (It 
* Tp. Tounucck. yuu. um. Cramuna, Ne 74 (1959). 8 A. J. Merpos, Ji. Jl. yx 
ckaa, 10. fl. Eropos, WAH 93, Ne 2 (1953). \7Ay eile tT pros, al JI. Wy x’ 
ckasauazp., JAH, 115, Ne 3 (1997), §W.A.Whuxues, JIL.A.KawrtTeuxo, } 
AH. CCCP, OXH,. 1957, Nes8... & WA sAS in xine eM: WocrakoscKkui uw 
Hiss. AH CCCP, OXH, 1957, Ne 9. 
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Jorazagn Akanemuu nayx CCCP 
1959. Tom 129, Ne 4 


XHMHA 


b. A. MOMOBKHH, JI. M. KOBBA, B. TI. 3JIOMAHOB 
M 4JeH-KOppecnoHaenxt AH CCCP A. B. HOBOCEJIOBA 


M3Y4EHHE B3AMMOJEMCTBHA CEJIEHH A CBHHLILA 
C KHCJIOPOJIOM 


| Cenenuy CBHHIa IIpHMeHAeCTCA B KauecTBe MaTepHasa IIa doTOcoNpoTHBse- 
fil, UYBCTBUTCJIbHbIX B MWK. oOactn cnexTpa. Jia yayullenua asnexTpuyue- 
IMx XapakTepucTHK (POTOUYBCTBUTEIbHbIE COM MpOrpeBalor Ha Bo3fyxe. 
\Kesaben C STHM MpefcTaBseTcH HeOOXOAMMBIM ONpeleJIUTb COCTaB MPOLYKTOB 
jucueHua MUX BuMsHHe Ha ouleKTpuyeckne cBolicTBa PbSe. Hocrasnenuasa 3a- 
ia Baka M [IA MPaBHbHOTO TOJIKOBAaHUA MpoleccoB oOKura CyJIbPuAHBIX 
Hl, OMHUM W3 KOMIIOHEHTOB KOTOPHIX ABJIAeTCA CeJICHH CBHHIa. 

B paOote YuusimeHa (*) snekTpoHorpaduyecku ycraHoBueHo, uTo cio“ PbSe 
)O—10 000 A) okuesa10TCA MOHOCTHIO mpH 350° nocne 10-muHyTHoro nporpe- 
HUA Ha BOsyxe. OHaKO MpOAyKThl OKMCICHHA He HAEHTHPULUPORAHb! U3-3a 
CYICTBHA JIMTepaTyPHbIX anHbIxX. Kunetuka oKucneHun PbSe kucaopostom 
jyuena B MHTepgase 25 — 280° (?). Tloxa3aHo, uro cHayana npoucxogxuT Aud- 
{SH 51 KHCJOPOANBIX HOHOB B BaKAHTHbIC JWI CesleHa MecTa, a 3aTeM 3aMellleHHe 
WwieHa Kucmopoyom. IIpomecc B3aumojelicrBua PbSe c kucmopoyoM Obi usy4eH 
Mn MAaHOMeTPHUeCKH C PeHTTeHOrpaduyecKHM HM XHMMYeECKHM aHaJIM30M Mpo- 
KTOB OKHCJI€HHA. 


QIKCHeEPUMEHTANLHAA YAacTb 


Vcxogupii PbSe npurorossieH ciwiaBJIeHHeM CTCXHOMETPHYeCKUX KOJIMYCCTB 
MNOHEHTOB B OTKa4YaHHbIX HU 3alaAHHbIX amnmywax (*). M3syyeHue cKopoctu 
WaumoyelictBua PbSe c kucnoposqom no 


oun JlaBJICHHA ra3a B CHCTeME MPOBOAHJIOCh b 7 

| yCTaHOBKe, CX€MATHYCCKH MOKa3aHHOK Ha & 

HC. 1. [Ipeqpaputesbuo onpeeAsICA oObeM 

(Oouero mpocrpaHcTBa H paciipeyemenne Tem- a 


iparypbi no anne mewn. Hauanbuoe faB- 

HHue xKucmopoyqa 200 mm prt. cr. Ha- | 
Hcka (1,0000 + 0,0002 r) neperHaHHoro B Banyye 
KyyMe M TIlaTebHO mepereproro PbSe B 5 
4aTHHOBOH JOWOUKe MOMellasacb B KBaplie- 

ni peaxrop. Bo Bcex ombitax PacCUNTbIBa- 
Cb MOJIbHOe KOMUeCTBO KHCIOpOja, M0- 

bmmero wa oKucieHue, a Korya ObI0 

{SMO2KHO (npu temnepatypax 610; 660°) 

fPeleNANIOCh M W3MeHeHHe Beca JIONOUKH Puc. 1 

pOpasiiom. KnHeruka OKWCJIeHHA M3y4aslacb 4 
jaurepmuyecku (20—800°) uw usorepmuyecku mpu 610; 660; 750 u 800°. 
clelqoBaHve HOCHJIO Ka¥4eCTBeHHbIM XapakTep, NOCKOJIbKY a6couoTHaA 
MuMHa MOBepXHOCTH OOpaslloB He oNpefesAach. Ha puc. 2 mpupoqurcs 
palyyennas IuddepeniuasibHad NOMTeEpMa OKUCJCHUA PbSe c nmonpaBkou Ha 
ipMuyeckoe pacuimpeHue KuCIOposaB OObeMe peakTOpa. Oxucuenne PbSe B 
IWMX yCJIOBHAX HauMHaerca MpH 300—350° mu mpoxofMT C 3aMeTHOH CKOpo- 
; 809 


oy) to zZ 
1 


] TAH, +. 129, Ne 4 


CTbIO pH TemilepaTypax 560—600°. MaxkcuMaJIbHasd CKOPOCTh HAO nai 
npu 640—680°. Meperu6 Ha KpuBou (pxc. 2), NO-BULUMOMy, CBA3aH C Pp 
XKeCHHeEM IWICHKH MepBOHAavaJIbHO4 
mpoflykta okuceHHs (*). | 
IIpu usorepMuuecKoM UM3y4eHk 
x 


S ~ 
S =) 
LE. ’ 


okuceHun PbSe narpepanue oOp 

Wa NpOBOLMOCb B aTMOCHepe apron 
KOTOPHIM MO AOCTHXKeHHH YyCTOHU 
BOrO TeMMepaTYPHOTO perXKHMa OTKK 
UMBaICd WH cCHCTeMa 3aNOJIHAMas 


2 \ Kucsiopoyom. Ha puc. 3 noKasalt 
x 
/ 


S 
SS 


S 
ENS 
—_* 


Ap/at, mpm ci./epad 
: 


‘ x W30TepMbI OKuCceHHA PbSe. Ha} 
o ko ey As miofaeMas B HauaJIbHble MOMeH'} 
Jia abi’ “300° tht 10 800 "© HeaKilMM BEICOKaA CKOPOCTh BaaVaay 

Puc. 2 TeHCTBUA CBA3aHa C BOCIJIaMeHeHH! 

PbSe. Ha 970 yka3biBaior MOB} 

WeHHe TeMMepaTypbl HM oOnvJaBseHHe moBepxHocTH. Bosropanue cBxASaHC} 
3K3OTEPMHYHOCTHIO peaKUMH H MaJIOH CKOPOCTHIO TeMMOOTAayH B HalllHX yCd} 
Busnx. IIpu 610° nocae 3Hepru4Horo B3anMOJeHcTBHA BepBble 5 MHH. OKHCJ} 
He NpakTMYecKH OCTaHaBAUBaeTCA HU Jaslee MpoTeKaeT MO JIMHEHHOMY 3aK} 


MM pM. CM. 


Pure. 3 


Hy. TemmepaTypHasd 3aBHCHMOCTb H3OTEPMMYECKOFO OKMCICHHA HOCHT CuO 
HbIM XapakTep H OMHOSHAYHO He pactindpopprpBaerca. 
Msyuenne npokykToB OkKucaeHuUaA. Xumnueckuii ana 


oOpasuos PbSe, okucueHHbIX MPH pasHbIX TemMepaTypax, MpoBosMicA Ha CEI 
Hell uw Se** (4). . 


Ta6Omuna ‘f 


PesyJIbTaTbl HCCNeLOBaHHA MpOLyKTOB oKucHeHuA PbSe 


Vismenenue Pee Ey 
n \ 2 i ij 4 
T-pa CEae rece colenaia eet here kh Haiiqeno Pb | Hafizeno Sett O6Hapy*euHH) 
JeHusa, °C (r) OnbITa (mout.) (%).  (%) aspi* 
(MUH.) : 
6140 +0,1189 310 0,00548 (1 20,58 PbSeO, 
660 —0,1441 350 0,09559 72,85 9,97 @asa A : 
700 — 90 0,00554 70,69 12,18 @asa A+ PbS¢ 
750 — 90 0.00546 70,56 12,51 @®asa A+ PbS) 
800 — 70 0, 00546 77,09 7,35 dasa A i 
Ilonutepma +0,0481 100 0,00448 69, 63 14,51 asa A+ PbS 


* THopoukorpamMpr nonyyennt na Fe — K-vanyuenun. 
IIpumeuanus. 4. [Ina nommoro oxucnenua 1 r PbSe no cxeme PbSe + 3/4 
HyKHO 0,00524 Mona Op. 2. Teopernueckoe u3menenue B Bece 1 Tr cejleHua TIpH nepexi| 
PbSe — PbSeOs coctapaner + 0,1677 r u pu mepexoye PbSe > PbO — 0,2301 r. 


840 ' 


| Mcxoqa uz KosmuectBa movieli KHCIOpona, NOWeluux Ha OKUucNeHHe | Fr 
bSe (1,5 Mowat O, Ha | Momb PbSe), moxkHo cunTaTb, ITO OKHCeCHHe B OCHOBHOM 
loxotuT Ha cxeme PbSe + 3/, O, = PbSeO;. JleticrsutembHo, peHTreHorpa- 
WeCKM MOKasaHO, UTO OCHOBHBIM MIpOAyKTOM OKucenuA mpu 610° aBaaerca 
IeHUT CBUHWAa. Tako pesysbTaT cormacyerca c aHHbIMH XMMMUeCKOrO aHa- 
hau yBeIMYeHHeM Beca OOpaszia. 

|B npogyxrax oxucaenns PbSe npn Gomee BricoKux TemnepaTypax yCTaHOB- 
40 IIPpHCyTCTBHe HOBO (haspl, peHTreHorpamma KOTOpol (3a HcKTO“eHHeM 
(eHb C/aObIX JIMHUM) Mora G6bIrb npoMHAMUMpOBaHa Cc lapaMeTpaMu TeTpa- 
}HaJIbHOH OObeMHOMeHTPUpOBaHHON syeliKu a = 3,92 + 0,01 kX, c = 5,37-4 
10,01 KX (cm. Ta6a. 2). * 
| 3 Ta6Oauma 2 
BybTaThi HHJHUMpOBaHHA PeHTTeHOrpaMMb! TipolyKTa u30TepMuyecKoro OKUCHeHUA PbSe 
KucmOpoyzom upu 600° (dasa A) 


1 1 1 1 1 1 
2 hkl 2 I 2 hkl 2 I 2 hkl 2 
faxen doacu 4exen dnaca oxen dnacu 
i 0,0920 3 0,2608 200 0, 2603 1 0,6621 222, 0,6598 
D 0,1000 104 0,0997 4 0,2693 112 0, 2694 3 0,6864 114 0,6870 
38 0,1305 110 0,1302 4 0,3607 211 0,3602 2 0,7255 302 0, 7249 
5 0,1388 002 0,1392 3 0,3773 103 0,3783 5 0,7784 312 0,7798 
0,1545 3 0,3996 202 0,3995 4 0,8073 
{ 0,1876 2 0,5259 220 0,5248 3 0,8175 204 0,8171 
it 0,1954 5 2 0,5569 004 0,5568 4 0,8833 324 0,8808 
1 0,2049 102 0,2043 3 0 ,6210 301 0,6205 3 0,9002 303 0,8989 
1 0,2316 3 0, 6380 213 0,6386 4 0,9317 105 0,9334 
t 0, 2463 2 0, 6525 310 0,6508 


| Iponyxr oxucsenua PbSe ua Bo3fyxe B Teyenue 27 yac. npu 800° npegzcras- 
im co6ol HoByto (basy. Ee eGaerpamma Obila MpOMHAMUMpoBaHa Cc Mapamer- 
imu pomOuyeckolh OObeEMHOLEHTPUpOBaHHOH sauelku a = 3,92+- 0,01 KX; 
R= 3,73 + 0,01 kX; c = 5,72 + 0,01 xX (cm. tTa6u. 3). ; 

} TaOauua 3 


YNbTaTbl HHIMUMPOBaHHA peHTTeHOrpaMMbl OcTaTKa mocse oKucneHua PbSe na Boszyxe 
| B TeyeHue 27 uac. mpu 800° (a3za B) 


0,0947 104 0,0955 1 0,3305 210 0,3323 1 0, 6452 

0,1025 041 0,1025 3 0,3387 103 0,3396 2 0, 6687 222 0,6703 
3 0,1220 002 0, 1220 3 0,3484 013 0,3465 2 0,6763 034 0,6785 
4 0,1290 4 0,3607 2 0,6875 311 0,6882 
3 0,1374 110 0,1370 4 0,3634 211 0,3628 2 0,7146 130 0,713 
1 0,1482 4 0,3843 124 0,3836 3 0, 7504 204 0, 7483 
1 0,1502 2 0,4125 113 0,4416 5 0, 7859 132 0,7876 
1 0,1858 102 0,1874 1 0, 4750 122 0,4751 1 0,8340 015 0,8345 
1 0,1948 012. 0,41940 1 0, 4904 4 0, 8403 124 0,8391 
1 0,2377 3 0,5536 104 0,5534 3 0,8720 320 0,8735 
5 0,2600 142 0,2594 3 0,6143 301 0,6162 4 0, 9099 230 0, 9083 
1 0, 2668 2 0, 6234 114 0,6254 3 0,9314 313 0,9322 
2 0, 2884 020 0, 2880 4 0,6289 123 0,6276 4 0,9401 231 0,9388 


| Kpome muni TerparoHasbHOH da3bl, Ha HeKOTOPbIX peHTreHorpamMax 
POMYKTOB OKUCICHUA MPUCYTCTBOBAIM JHMM CeseHuTa cBuHUAa. Tak Kak Tep- 
hueckuii paciiayl cemeHuTa CBUHIa ueT c OOpasoBaHueM Tex xe *as, TO Bepo- 
rHO, ur0 npu oKUceHuH PbSe cHayasa OOpasyerca CeleHHT, KOTOPbIi 3aTeM 
insmaraetca. Kak y>xke yka3bIBaslocb, Ha PpeHTreHOrpaMMax TeTparoHasbHOH u 
bMOuyeckor (bas HaGvlofjaioTca HeEMHLMUMpyemple cuaOpie uHuM. Mx wHTeHcuB- 
DCTb HW PAaCHO/OMKeHNe He 3aBUCAT OT YCOBMU NO yYeHUA MpenapaToB, NOSTOMy 
AJL JIM MX MOXKHO OObACHUTD MIPHCyTCTBHeM TpumeceH. BepoxTuo, npuBeyen- 
bie BbILe MapaMeTPbI AYeeK STUX a3 COOTBETCTBYIOT CyObAYeHKaM U caObIe, 
4HUM ABJIAIOTCA CBEPXCTPYKTYPHbIMH. 
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Xumuyeckuit anamu3 OOpaslloB, PeHTTeHOrPaMMbI, KOTOPbIX COOTBETCTBYK) 
yNCTOH TeTparoHasIbHOH (haze, NOJYYeHHON pa3JIM4YHbIMH cnoco6Oamu (H30TepM)| 
yeckoe oKHcsleHHe PbSe npu 660 u 800°, repmuyeckoe pasioxeHue PbSeO; np! 
1100°) nokaspipaeT, 4TO COCTaB STON (a3bl ABJIACTCA M€PCMCHHbIM, XOTH M3MCH)) 
HUA TapaMeTpoOB pellieTKH pH STOM He OOHAPy?KeHO. 

PesyJIbTaTbl XMMHYECKHX HCCeLOBAHHH AaHaJIM30B YKa3bIBalOT Ha TO, 4] 
B Ipodlyktax oKucseHnsaA PbSe u TepMuyeCKOrO PasIOAKeHHA CeCHHTA H CesIeHAd) 

CBHHIa JOJMKHbI MpucyTcTBOBaTb Pb} 

Ta6Oauna4 yyy Se*. Sto mpexnonomKenne MoLTBe] 

Ilapamerpbt petietoK v O6beM HeKOTOpHIx %KMaeTCA TEM, YTO KOJIMUCCTBO KMCJIOP\| 
thas PbO, u (Pb, Se)O, qa, moweyuiee Ha OKHCIeHHe, BO B¢| 
OMbITAaX HeCKOJIbKO OoubIle paccuutak 


‘ on ree et HOTO H3 cooTHOWeHHA 1,5 MomsH Og H 
P aaa 3 & * 1 monb PbSe (cm. Ta6s. 1). | 
TerparoHanbHad HM pomOnueckeé! 
Pbo Sabre ieee (pasbl, MO-BHAUMOMy, CTpyKTYPHO OvIH 
£0,006 £0,008 KH K HeKOTOPbIM OKHCJIaM CBHHIa, 47 
PbO 3,895 —_ | 57460. tad, 5 ! 
iene BUHO M3 CJemyrolulero conocTaBJeHY} 
, x 4 
(onus) 3,93 3,74 | 5,74 42,4 (cM. TaOm. 4) mapamMeTpoB syeeK 
(Pb, Se)Ox OObeEMOB B pacyeTe Ha OH O 
(TeTpar.) 3,93 — 5,38 44,4 P Dek © pM 


Hylo eguHHuy PbO, usm (Pb, Se) C 
(Bce 1¥elikKH—OObBeEMHOLCHT PH POBaHHbl* 
Jjanupie yaa PbO,, mepecunTaHbi 3 OpHrHHaJIbHbIX JaHHBIX JIA OKUCI 
Pb;O,. Tlo muesuto apropos (°) Ha stueliky c mapamerpamu a = 5,508 xX | 
c= 5,460 KX mpuxo_uTca OfHa topMysJbHan efnnua Pb,O,, 4ro, omHaKké 
IIPHBOAHT K HEKOTOPOMY HECOOTBETCTBHIO B 3Ha4UeHHAX MJIOTHOCTH paccuntTal 
HOH MW 9KCMEPHMeHTANbHOH (Openr = 11,6, Poxen = 9,01). Ha Haul Baraay Gomme 
IIpaBUJIbHO pacCMaTpUBaTb aTy (asy KaK HecTexnomeTpuyeck yio PbO, .(u3 WaHHe! 
ABTOPOB MOXKHO CjleJlaTb BbIBOJ, O HEKOTOPOM KOJIeOaHHH COCTaBa STO (pa3bi 
PacueT NOTHOCTH B MpemnomowKeHHH, YTO Ha AYeMKY MpuxomuTca 4PbO,, 
TIPHBOAMT K Ppenr = 9,32, YTO ONH3KO K Poxen. Ha6stogatouleecd cucTemat 
YeCKOe OTCYTCTBHE JIMHHH, HE YJOBJCTBOPAIOMX YyCMOBHIO rpanenentpupe 
BaHHOH AueHKH, TakxKe COOTBeTCTByeT Halle wHTepmperauun. 

BepoaTHo, o6e novlyueHHble HaMM (pa3bl MOMKHO PaCCMaTPUBaTb KaK (pas 
mepemMenHoro coctaBa (Pb, Se)O,. B cuctreme PbO—O, gasp c 66mbuIM 
yem B PbO cofepxanveM KUCJOpoyqa HeycTOHUMBb! MpH BbICOKHX TemMepaT’ 
pax, YTO, OYeBHZHO, CBA3aHO C HasMuvem B Hux Pb‘*. IIpucyrcrsue yerTEiper 
BaJIeHTHOrO CeyleHa CTaOuMMsupyeT Casbl c OOMbIUIMM CORepxKaAHHeM KUCOPOL; 
Bausoctb panuycos Se** (0,69A) nu Pb** (0,76A) nenaeT BO3MOxKHBbIM H3OMOpE 
Hoe saMeujeHHe. Hanuune ciaObix CBePXCTpyKTYPHbIX JIMHHM CBA3aHO Cc Hi 
KOTOPbIM yMOpAOYeHHeM B pacnosOxwKeHHH aTOMOB Pb uw Se. 

Crpyktyppt CaF,, Mn,O; uv PbO ouenb 61M3KH TO MoTHBY pacnovioxKeHy 
KaTHOHA, XOTA cocTaB MX MeHAeTcaA oT AX, no AX. Pacnonomenne KaTHe 
HoB B (Pb, Se) Ox OumxKe Beero kK PbO u PbO, .. na ykasaHHpIx cTpyKTy] 
HbIX THIOB H3BeCTHBI CJly¥aH OTKJIOHCHHA OT CTeXHOMeTpNyecKOrO COCTAaB: 
OcoOeHHO MHOTO TakHX (aKkTOB JWI cTpyKTyp Tuma CaF, c o6pa3oBanne 
KaK A@HHOHHBIX BaKaHCHH, Tak WM C USObITOUHBIMA AHMOHaMM B MycToTax Pp 
WweTkKH. BepoaTHo, K OfHOM H3 TakUux (a3 oTHOcuTcH PbO,.. Cocrap «xe 
cTpyktypa (baz (Pb, Se) Ox, Bo3MoxKHO, ABUJIAIOTCA NPOMexKYTOUHBIMA MexKE 
PbO u ctpyktypoH tuna Mn,O3. 


MockoscKuh rocyapcTBeHHbI yHHBepcuTer ; Iloctynuno 
um. M. B. Jlomonocoga 9 VII 1959 


UWHMTHPOBAHHAA JIMTEPATYPA 

1H. Willman, Proc. Phys. Soc., 60, 117 (1948). 2 R.H.Jo Pp 
Soc., 70 B, 1025 (1957). 3 B.I]l. 3no0manos, B. A. Tlonospun, # ma Hepa 
1o0OBa, NN Soneenany = B.A. Ilonospuun, B.I3no0manos, A.B.Hos 
ceoBa, X -—B neuaTH. Crystal Data (Geol. Soc. Am.), Memoiori 60 é 
6G. L. Clark, R. Rowan, J. Am. Chem. Soc., 63, 1305 (1941) 7) ASP al 
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Jloxnaynn Akanemun nwayr CCCP 
1959. Tom 129, Ne 4 


XHMH ff 
Axayemuk AH KasCCP JJ. B. COKOJIBCKHH uw E. UW. PHJIbAEBPAH] 


BIIMAHHE JABJIEHHA HA Y JIEJIbH YO PUAPOTEHH3AWMOHHY!O 
AKTHBHOCTb TIJIATHHbI HA AJIFOMOLEJIE 


| Ulonyyenue KpHBbIX saBHCHMOCTH yJleJIbHOH KaTaJMTMYeCKOH aKTMBHOCTH 
pPTaJIOB OT UX COepKanuA Ha HOCHTeMe ABIAETCA YHOOHBIM MeTOJOM TIpH 
#pyUCHHH CTPOCHHA AKTHBHBIX CIOeB AXCOPOUMOHHbIX KaTamu3aTopos (*). Bowb- 
#oi MaTepuan Takoro poa nowyyeH WIA WiaTHHbl Ha HOCHTeIAX NpH ruspH- 
DBaHUH B XuUAKOH case nol aTmMocdepHbim apsenuem (1,2). U3pecruo, uro 
3MCHCHHE JaBJICHHA BOLOpONa B ras0BoH tase MeHsAeT 3anO/IHeHHe NOBepXHOCTH 
ATaH3aTOpa BOAOPONOM, NP STOM YacTO MeHHeTCH MW NOPANOK KaTaMMTMYeCKOK 
feakiuu, ee JIMMMTHpPyloliad craqua. Ham npescraBunocb MHTepecHbIM U3y- 
‘Tb, KaK BJIMAeT JaBsleHHe BOJOpoa Ha 3aBHCHMOCTb ylesIbHOH rusporenu3a- 
#HOHHOM aAKTHBHOCTH MaTHHbI OT ee COJepxkaHuA Ha HOCHTeTe. 
Ha npuMepe rufpupospanua JUMeTHIBUHUTaleTumeHHIKapOuHOsa ((CH,)sC- 
DH)C — C==C—CH =CH,, B fanbueltttiem JIBAK) uu  nuKkpuHopoti 
#UCIOTLI NOX aTMOc@epHbIM HM MOBHILWIEHHBIM JaBsIeHHeM BOJOpoa u3yyasacb 
KTUBHOCTb IJIaTHHbl, HAHECeHHOM B MAJIbIX KOJIM¥eCTBaX Ha amioMoreb. Boo 
DuroTOBseHO 16 KaTaH3aTOpOB Cc cOJepKaHuem MmaTHHb! OT 0,081 no 1,78 %. 
ITH 3anOJIHCHHA NOBEPXHOCTH HAXOATCA B OOMACTH ThICAYHDIX MOJieH MOHOCJON. 
| Amomorewib TOTOBHJICA OCaxKJeHHeM THAPOOKHCH aJIIOMHHUA AMMHAKOM 43 
A30aBJICHHOFO pacTBOpa aJIIOMOKaIMeBbIX KBaCHOB. Temb THaTebHO OTMBIBAIICH 
it vonoB SO7, cylmica, npokammBasca mpu 550° B TeyeHue YeTEIPeX YacoB H 


eIKO pacTHpasica B aratoBol crymke. I]nartuHa HaHOcusacb MpH KOMHAaTHOH 
pMmepatType H3 pasOaBJIeHHbIX BOJHbIX pacTBopoB PtCl, pa3muuHOoH KOHMWeHT- 
UMM pH HeNpepbIBHOM BCTPAXHBAHMH B TeYeHHe ABYX YacoB. 3a 3TO BPeMA 
aTHHa KOJIMYeCTBEHHO afcopOupoBasiacb Ha aslioMoresle HM OoIbiWe He OOHapy- 
UBamacb HU B (PUIbTpaTe, HH B MPOMBIBHbIX BOAaX. Ilocme OTMbIBKH OT HOHOB 
! Opa KaTaIH3aTOPbI CYMWIMJIMCh U 3aTeM BOCCTAHABJINBaJIMCbh B TOKE OUMILCHHOTO 
Jriexrposmtuseckoro Bowopola mpH HarpeBaHun Wo 360°. OxmaxkKeHHble B aT- 
Hloccbepe BOAOpONa KaTaIH3aTOPb!I NepeHOCHJIMCb B CKJISHKH C MPHTePTLIMH Mpod- 
aMM, KOTOPbIle 3aTeM XPAHHJIMCb B 9KCHKATOPe C XJIOPHCTHIM KaJIbILMeM. 

JIBAK meperoHasica B BakyyMe Kaxjpie 3—4 JHA MW MMe NOKa3aTeJIb 
|penomienua n'é 1,4778 (copnanaiomui c wmteparypHpm). Tukpnuosad KucoTa 


HepeKPUuCcTasIM30BbIBasacb u3 50% cnupta. Jia onpiroB no ruspupoBaHHto 
sige seach almapatTypa, NO3BOAIOWAaA MOepxKHBaTb NMOCTOAHHOe JlaBuie- 
{ue BoJOpota BO BpeMs peakUMH OT OMHOH lo. Tpex armocdep (#). Temnepatypa 
|IBITOB 35°C. Jlapnenue Bosopowa — atmocdepHoe, | uw 2 u30nITOUHDIe aT- 
froctbeprr. Cpema — 50% cnupr. Nlepey ruapupoBanuem katanusatop B30asTbI- 
Hanca B aTmMocdepe Bofopoqa 30—40 mux., 3aTem oCaBanauca JIBAK 
1,491 r, 300 ma H, u.7.4.). [lo okonyanun ruypupoBanua KapOuHOua B peak- 
WOHHYIO CMeCb BHOCHIacb MuKpHHoBasd KucmoTa (0,0909 r, 78 ma Hy 4.7.0.) » 
) Buse cuuptTosoro pacTrBopa. Kaxkypili ONbIT NOBTOPAACA Weak Abr Ha CBEXUX - 
HaBeCK2X KaTamusaTopa no 0,4 r. Boenpou3BOAMMOCTb OMBITOB B CpeHeM OKOWIO 
0%. IIpu rugpupopanuu JIBAK npn scex faBieHWAX CKOPOCTb MejIeHHO 
acter, OCTHrax MaKCUMyMa NlOcJe NOrJOUeHHA 2/5 TeopeTH¥eCKH HeOOXOMMOro 
/ 


} 


Ofopoya, u 3aTem Opicrpo naflaer. KuneTuueckne KPMBbIe AIA MMKPHHOBOH 
HCOTbI HMeIoT S-ofpa3sHy!o dopmy. 
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|AKTHBHOCTb KaTaJIM8aTOPOB ONpeleAacb HeECKOMbKHMM clocobamu: JIA 
“AK sBeMuuHaMM, OOpaTHbIMH BPeMeHM MOsyruyApupoBanna u BpeMeHH 
jouleHua */; TeopeTHuecKH HeOOxOuMOrO BOOposa (B MHHYyTaX), MaKCH- 
fbHOH cKopocTbio HW cpefHeli CKOpOcTbIO NOrMOWeHHA BOOpoOwa Ha yuacTKe 
MBO JO MaKCHMyMa; JWI NMHKPHHOBOM KUCJOTHI — BeMYnHHAMM, OOpaTHbIMH 
PMeHH MOJIyYTHAPHpOBaHHA HW BpeMeHH Normomenua 45 Ma BoROpona (OOnacTb 
jpeskoro cnaja CKOpOCTH), a TaK2Ke CpeHEM CKOPOCTbIO MOTIOUeHuA BOAOposa 
f9TOM yuacTKe. Bee BapHaHTbl Jasiu aHasorMuHbie pesysbTathl. Jia nocrpoe- 
rpaukoB Opasucb cpeHHe BeJIMYMHbI U3 ABYX NapasJIebHbIX OMBITOB. 
\euIbHaHt AKTMBHOCTb HaxofMuacb JeleHueM OOWlelH aKTMBHOCTH Ha CTeMeHb 
NOJIHEHUA, 34 YCOBHY1O eMHUILy KOTOpOH mpnHumavocb 0,162 Bec. % muta- 
bl. 

Kpusbie 3aBHCHMOCTH OOtlei U ylembHOH aKkTMBHOCTH OT CTeMeHh 3anoHe- 
aA mOKa3aHbl Ha prc. 1. Kak BuO, C yBeMYeHHeM 3aNOJIHeHUA NOBepXHOCTH 
KOMOFeJIA TWIAaTHHOH AKTHBHOCTb KaTaJIM3aTOPOB pacTeT, YBeJIMYMBaACh MpH- 
PHO MponopuMOHaIbHO aBseHu1o. MakcuMyMbl H MAHAMYMbI Ha KPHBbIX ]O- 
BMIbHO XOPOLIO NOBTOPAIOTCA pH BCeX TPeX aBJICHHAX, YTO MOSBOAeT CUMTATb 
| He cryuanHbimMu. YeubHad AKTHBHOCTb MWJIaTHHbl Ha BCeM MPOTAKeHHM KpU- 
1X M€HACTCA CPaBHHTeIbHO Maso. OueBHHO, BCA HaHeCeHHad WwaTHHa Mpu- 
W/MaeT ydacTue B peaKIMH, OHAKO Pa3JIMYHbIe COUe€TAHUA ATOMOB, MOuyyato- 
4ecA IPH TOM WIM HHOH KOHMeHTPpallun, OOaaroT OoubiweH uM MeHbIleH 


O6ui Bu 3aBHCHMOCTH YJeJIbHOH AKTHBHOCTH OT CTeNeHH 3aNOJIHeHMA 
XPaHAeTCA MPH BCeX H3YYCHHHIX JaBJIEHHAX. OTO CBUAETELCTBYET O TOM, UTO 
pakTep yYaCTHA AKTHBHBIX CJIO€B MIaTHHbI B peaKUHH THAPHPOBaHuA He Me- 
Herca c yBeIMYeHHeM JaBeHuA BOMOpoda. MuTepecuo, uo xapaktTep STOT Ofu- 
KOB JIA THApHpoBaHHA HempesembHpix cBa3seH JIBAK wu uurporpymn nu- 
WHOBOH KucOTHI. AHaJIOrH4HbIe 3ABHCHMOCTH YJe/IbHOH AKTHBHOCTH OT cTe- 
Huu sanomHennsa pH THApHpoBaHuu TpoHHOK cBxA3u JMMeTUIBUHMJalleTuse- 
AaxapOunona WM HATPOrpyln NAKPHHOBOH KUCJIOTHI ObIIM HaMM paHee MOJy- 
Hbl Ha IJlaTHHUpOBaHHOM yruie (7), XoTA Apyrumu aBropamn (*) Opiwio Halifexo, 
Ho yruiepof-yrmepodupie CBA3H THApHpyloTca Ha AyOuere, a HUTporpynna — 
{| €2JHHHYHOM aTOMe IIaTHHbl. 


KasaxckHi rocyapcTBeHHbIM YyHHBepCHTeT Tloctynusio 
um. C. M. Kuposa 44 VIII 1959 


UHMTHPOBAHHASA JIMTEPATYPA 


iy. WH. Ko6o3es, Yen. xum., 25, 545 (195d). 277. B. Coxoabcknis, 
i\W.Tuapne6paung, KX, 29, 766(1955). *7.B.Cokoapncexkuh, O.C.Mo- 
nis) JIAH, 83, Ne 6 (1952). * H.W. Koooses, H. A. Pemerospckasn, (KOX, 
|, 388 (1949). 
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Jloxaagun Akagemun unayx CCCP 
1959. Tom 129, Ne 4 


A. CTPAJMHb, axazemux AH JlarsCCP C. PHJIJIEP u 10. JOPbEB 


NOJIAPOTPA®HYECKOE BOCCTAHOBJIEHHE IMiPOH3BOJHbIX 
2-HAUTPO®YPAHA H 2-HHTPOCEJIEHOPEHA 


B npeaniqyumx cooOujeHuax BYMA 3 Hac Oplwia NOKa3saHa MPHMeHHMOC} 
nousporpacbwyeckoro MeTOa JWIA aHaIMTHYeCKOrO ONpeseneHuA HUTPOPypaHny 
B BOJHbIX pacTBOpax, B TOM YHCIe TAK2Ke AKUIKOCTAX OPraHusa (*), H BO3MO3} 
HOCTb HCHOJb3OBaAHHA METOAa MIs ONpeeJIeHuA PacCTBOPUMOCTH B BOE Belllec} 
sToro Kslacca (7). Bpo coo6uleHo TakxKe O MexXaHH3Me NodAporpaduyecko 
BOCCTAHOBJIeHHA 2-HuTPOdypaHa (*) H HEKOTOPHIX ero MPOH3BOAHHIX, NIPHMeHAl 
MBIX B Ka¥eCcTBe XHMMOTepaneBTHYeCKHX cpecTB (*). 

B wacrosulel paOoTe BbIABJIeEHO BJIMAHHe 3aMecTUTeseH B 5-M MOJIOXKEHI 
y (bypaHoporo u ceseHodeHOBorO WHKJIOB Ha Mpolecc nomAporpaduyecko: 
BOCCTAHOBJICHHA HHTPOrpynnbl B 2-M nomoOweHuu. YxKe panHee PAXOM aBTOPU: 
Oplula NOKa3aHa MpHroHOCTb ypaBHeHHA XamMerTa JIA UHTepMpeTalluu aHHE 
nomaporpaduyeckoro ucceqOBaHHA Cpe aHaJIOPMUHbIX COCAMHEHHM Kak ap 
matuyeckoro (°-8), Trak wu rerepolukmnuueckoro pana (°-""). Hacroamiee uccu 
JOBaHve JONOIHAeCT UMeIONIMMCA JIMTepaTypHbIM MaTepHad HOBbIMM TIpuMepan 
WU MO3BOJIAeT NpOBecTH CpaBHeHHe MPOMSBOAHEIX 2-HUTpOdypaHa u 2-HUTpOCeN 
HocbeHa C HHTPOMPOW3BOAHbIMH apOMaTHYecKOrO psa. 


IKcmepuMeHTaabuHag Wide 3b 


Visyuenubie B STOH paOoTe 25 npou3BOAHBIX 2-HuTpodypaHa u 2-HuTpocen 
Hodena | — XXV npeycrapeHp B Tabu. |. 

iia mouyueHuA CONOCTaBMMbIX JaHHbIX JIA paccMaTpHBaemol cepuu B 
IeCTB BCe COCIHHEHHA U3yIaJIMCb B CTPOrO HACHTHUHBIX YCJIOBHAX: B BOJHb 
pactsopax c 10°* M_ xkontenrpaliueli HUTpOcoequHeEHHA, IPH NMOCTOAHHEIX P 
B YHHBepCcaJIbHbIxX OydepHEIX pactBopax Bputrona — Po6uxcona B uHTepBa. 
pH or 2 no 11, na done 0,1 N KCl 8B repmMocratupoBaHHolt ycraHopxKe mpu 2C 
Morenunanbt OTCuMTAaHbI NO OTHOIMeHHIO K HacpiljeHHOMy Hg,Cl, snexrpoy 
Kpusble CHATHI Ha PoTOpeructpupyioulem nomaporpade Tetiposcxoro, pH pa 
TBOPOB OmpefleseHo ameKTpomerpuyecku. M3 nowyyeHHbIX ZaHHbIX paccuuTak 
NOTCHUMAIbI NOyBOHEI (F;),) B 3aBHcHMOcTH oT PH, a TaKxe HalileHb 3H 
yeHHA TuddysHOHHIX TOKOB (iz) mp pasmm4nEx pH u no ypasnenuio Mak 
BUYa PaCCUMTAaHO UYMCIIO SICKTPOHOB, NPMHMMAIOMUMX yuacTHe B SeKTPOMAC 
peakiuun. 

B novisporpaMMax U3yYeHHbIX HUTPOcoeAMHeHHH, B 3aBMCUMOCTH OT Xapa 
Tepa coeMHeHNA HM MHTepBasia pH, umeercs OHA MIM HecKOJbKO BouH. Tepss 
BOHa, JlexKalllad Mpw HanOosee NOMOAKNTeEbHOM NOTeHWMae, OGycnOBTe) 
YeTbIPEXIJIEKTPOHHBbIM BOCCTAHOBJICHHEM HUTPOrpynnbl JO rHApoKcuslaMHHOBO 
MOCeENYIOUMe BOJIHbI — aJIbHeHIMM BOCCTAHOBJICHHEM TIPOMe2KyTOUHOTO TH 
POKCHJIAMMHOBOTO TpOMs3BOAHOTO NO aMMHa WIM BOCCTaHOBNeHHeM Jpyri 
(PyHKUMOHAJIbHBIX py B Mosekyne (C =O, C = N—). Tlonupe zannt 
0 3aBucuMocTH Fy, Hig oT pH Ana Bcex BonH OyAyT MpuBeeHbI B Apyrom Mec 
(°,**), 8Hecb 2Ke LaloTcs JMIb ypaBHeHUs MepBOl UeTHIPexdMeKTPOHHOL BOVE 
BOCCTAHOBJICHHA HHTPOrpylMbl, HeEOOXOAUMbIe Wid OOcyxTeHuA (rabn. 1). E 
STOM BOJHbI 3aBUcHT OT pH u OT KOHMeHTpallMM HUTPOcoesqMHeHHA B pPacTBO 
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\AHOBACb 6ouee OTPUMAaTeJIbHbIM C YBeJIMUCHHEM JTUX mapamerpos), 3HaAYeCHHS 
KHCJIOM HM HEHTPaJIbHOH Cpeax OcTaIOTCA NOCTOSAHHbIMH IPH pasviM4uHIX pH. 
halon mae 


YpaBHeHuA NoJAporpaduyeckoh BOJIHbI BOCCTaHOBJCHHA HUTpOrpynnbl 
10-4 M sBoguniit pacrBop HATpocoeznHeHHA) 


NoNe @opmysa Ey, B 
I R-H —0,04—0,053 pH 
ll R—Br +9,04—0,056 pH 
=  RE-CHO +0,08—0,041 pH 
le e (07010042 DH 
IV R=COCH, +0,03—0,036 pH 
Vv Bee 4-0,02—0,042 pH 
COOCH, 

VI R—COCH,OH +0,03—0,036 pH 
Vil R—COOH +0,05—0,056 pH 
VIII R—COOG)H, +0,02—0,037 pH 

IX R—CH=CH—CHO +0,07—0,038 pH 

X R¢H=cHCOGH; +0,02—0,035 pH 

XI R—CH=CHNO, +0,04—0,034 pH 
XII R’—-H —0,06—0,048 pH 

i 0,12 
Umm +0,12—0,057 pH 
att ala Oe 2 0—0,065 pH 
XIV R’—CHO +0,03—0,036 pH 

XV R’—COCH, 0) 04 —0:,035. abl 

XVI R’—COOH +0,045—0,051 pH 
XVII R/—CH=CH—CHO +0,06—0,040 pH 
XVIII R’—CH=CH—COOH +0,07—0,054 pH 

XIX R—CH=N—NH—CONH, +0,06—0,050 pH 

XX R—CH=CH—CH=N—NHCONH, +0,085—0,054 pH 
X XI R—CH=N—N—CH, +0,06—0,048 pH 

dc do 
WE 
NH 
XXII R—CH=CH—CH=N—N—CH, -+-0,08—0,047 pH 
o¢ co 
Ye 
NH 
XXIII R—CH=N—N—CO +0,06—0,047 pH 
So 
7 
H,C—CH, 
XXIV R/—CH=N—NHCONH, +0,04—0,039 pH 
XXV R’/—CH=N—N—CH, +0,04—0,046 pH. 
oc do 
QZ 
NH 
=36,N—Co» R/=0,N—€ a> 


eCKTPOAHad peakIMA ABIAeTCA HeOOpaTHMOH, a BOJHbI HOCAT XapaKTep Auq- 
WYSHOHHBIX BOJIH. 


O6cyKAeHHe PESYNBTATOB 


Tlonaporpacbuyeckoe BOccTaHOBJIeHHe NpOuSBOAHbIX 2-HuTpO*ypana u 2-HUuT- 
yoceleHodeHa IIpoTeKaeT NO TAKOMY %Ke M€XaHH3MY, KaK BOCCTAHOBJICHHE Mpo- 
USBOIHBIX HuTpobeHs0a (7) u 2-HuTpoTuodena ("). Tlorentuasyr nowyBouHel 
HUTPOMPOUSBOAHbIX BC€X YNOMAHYTHIX PAROB TaKKe exKaT OMM3KO [pyr kK Apyry 
|, OlarolapsA HasIMUMIO COMPAKeHHEIX JBOHHEIX CBASEH B MOJICKYJIe, ABJIAIOTCA 
IHAUMTEIbHO Ooulee MOJORKUTEIbHDIMM, YEM Y aMaTHYeCKUX WIM aJIMIMKJI- 
ieCKUX HUTPOcoewuHeHuH. CpaBHeHHe yMOMAHYTHIX PAOB Mery coOoH mpHBo- 
MT K BbIBOJY, 4TO JIerue BCero BOCCTaHaBJIMBaeTCA HUTPOrpynna y NpousBoy- 
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HbIX 2-HUTpocbypana; y MpousBoLHEIX 2-HUTpoTHOdeHa Hu 2-HuTpoceseHodex 
BOCCTaHOBJIeHHe MpoTekaeT Ha 20—30 MB TpyAHee, a Y NPOMSBOAHbIX HUTPC 
eu30ia — Ha 40 MB TpyfHee 2-HuTpotypana. YBenuueHve NoTeHIMaJO 
B pxARy TerepOWMKIMYeCKUX H3OJIOFOB CBA3aHO C YMCHbIICHHeM 3SJICEKTPOHHbL 
CIBHTOB OT HenoseeHHOH Mapbl 31eKTPOHOB rerepoatoma B palyO > S> & 
B uacrHocru, mpou3Boftupie 2-HuTpoceteHoteHa 0 cBOeMy NomAporpaduue 
CKOMY NOBe/eHHIO y2Ke OvIM2Ke K MPOMSBOLHbIM HUTPOOeH3Oa, YeM K MPOH3BO) 
HbIM 2-HuTpocbypaha, YTO coracyeTcA Take C HaOsIOACHHAMM HEKOTOPbIX XI 
MUUeCKHX CBOHCTB JaHHOrO pxAfla coequHeHul (*). | 

Buitpienve BAMAHMA TOHKUX pa3iuuui mpupoxb rerepoatoma Ha & 
noujaporpaduyeckoro BOCCTaHOBJeHHA HUTporpynnbl (MIM Kakou-MOO Apyro 
<pyHKUMOHaIbHOM Tpylnbl y UWMKsa) TpyHO OcyulecTBHMO BBUAy OM30CT 
NOTeHUMaJIOB, TaK KaK Pa3/MUMA JlexKaT B Mpedetax OWMOKM SKCIIeEPMMeHTé 
Bouiee TOHKHE HCCIENOBAHHA Mp COOMIOACHHH AOCOJIIOTHOM UMEHTHYHOCTH yCuC 
BUH SKCMepHMeHTAa, OAHAKO, MOFsIM Obl paspelMTb STY MpOOMeMy M TEM CaMBI| 
Watb, HapsAyy cO 3HaYeHHAMM AMNOJbHEIX MOMEHTOB, HOBLIM KPUTePHH XapakT! 
PHCTHKH TeTepOUMKJOB. | 

Vsyyenve cept MpOH3BOAHbIX MO3BOJIAe€T KOJIMYCCTBEHHO OMCHHTb BJIMAHY) 
3aMeCTHTeeH Ha MOMAporpaduyeckoe BOCCTAHOBJICHHe HUTPOrpyNubl NO CABHI 
E.,, 3aMeleHHOTO COeMHEHNA MO CpaBHeHHIO C HesaMellleHHbIM. B pay HUTpK 
6eH30J1a H HUTPOTHOdeHa STOT CABHT MOxXKeET ObiITb BbIPA%KeH ypaBHeHHeM Xa} 
Meta: 


Ew fms Ep= pS, i 
rye p — KOHCTAaHTa JaHHOM peakUMN, NOCTOAHHAA VIA BCeH CepHH IIPOH3BOAHBI: 
6 — KOHCTaHTa, XapakTepH3ylollad 3aMmecTHTeIb X B Pa3JIMYHbIX PeaKWHAs 

M3 Hallux JaHHbix culelyeT, YTO STO CNPaBeMBO M JIA MpOUSBOHbIX 2-Hy' 
podypaua u 2-HuTpoceseHodena, eCJIM MPHHATb WIA 3amecTuTeeH y rerepolul 

JIOB Te K€ 3HAYeHHA 9, UTO B APOMATHYECKOM PAY, H CPABHHBAaTb YMCJICHHb 
sHaueHnua AF:,, HQ pH OLHOM u TOM xe PH B cnaOoKuCIOH cpere. | 

SaMeCTHTeJIH C OTPHUATeJIbHBIM Me€3OMePHbIM SPeKTOM OG IeryatoT BOCCTi) 
HoBJieHHe, KH AF, B psy 5-3aMelleHHbIX TeTepOWMKMMYeECKUX 2-HNTpPOcoed)} 
HeHHH HMMeIOT MIPHMePHO Te 2%Ke 3HaYeHHA, TO H WIA N-3aMeLLeHHbIX MPOM3BO, 
HbIX HHTPOOeH3Oa, CJIEOBaTeIbHO, NOBeweHHe 2,5-3aMeLLeHHbIX MPOW3RO]Hb| 
NATHWICHHBIX PeTEPOWMKJIOB COOTBETCTBYeT MOBEJEHHIO 1-3aMeILeHHbIX pon | 
BOJHbIX APOMATHYECKOFO PAJa, B TO Ke BPEMA Pe3KO OTIMYAACh OT MOBEeeHP! 

-M-3a4MeLJCHHIX, YTO B OOWEM COBNAaaeT C BLIABJICHHbIMH IPH H3y4eHHH pea’ 
IMMOHHOCIOCOOHOCTH 3aMeWICHHEIX (PypaHOB 3aKOHaMU OpHeHTalinu. Tpedyror 
-Ooslee TOHKHE NosAporpacduyeckHe H3MePeHHA HM HAaXOXKCHHE TOUHHIX 3HaAYeHUH! 
M3 KOHCTAHT JMCCOMMallMH O-3aMeLICHHbIX (PypaHKapOOHOBHIX KHCJIOT AVIA BCKPI} 
THA TOHKHX pasJIMUHH MexkLy 3HaYeHHAMH Q B APOMATHUECKOM H FeTepoluKI) 
YeCKOM Pax M KOJIMYECTBEHHOHM OMCHKM BJIMAHHA TerepoaTomMa Ha MOsAporp| 
‘uyeckoe MOBeeHHe H PCAKUMOHHY!O CHOCOOHOCTL NATHUICHHBIX FeTePOIMKuIO | 

Buamanne 3aMecTHTeA Yepes NONOHHTeIbHyIO —CH = CH — rpynnupo} 
Ky B OOKOBOH enw B HeKOTOPEIX cy4yasx (Qua 5-HuTpodbypdbypuauyzeuru | 
pasOHOB) HeCKOJIbKO OGseruaeT BOCCTaHOBeHHe HUTPOrpymnbl, B Apyrux 3| 

CulyuaaX He M€HAeT KAPTHHbI BOCCTAHOBJICHHA; BOOOUILe Ke STO BJIMAHHE HEB! 

-JIHKO. ! 

Csoeo6pasHo npotekaer BoccTaHoBuleHue 5-HUTpodypdypouia. Ueripexauek| 
POHHAA BOJIHa BOCCTAHOBJICHHA HUTPO-rpynmbl 3fecb pa3qBoeHa, a U3 JB 

BOJIH OHA HOCHT YacTHYHO KHHeTHYecKH xapaktep. Moxkuxo mpeqnonox«KuT: 
4TO B BOJHBIX pacTBopax 5-HUTpodypdyposa uMeeT MecTO paBHoBecue: | 


ye OH 
Se ne 
(a) (6) 


O.N ~< 


$15 


MM BOCCTAHOBJICHHIO (a) COOTBETCTBYeT Govlee NOJIOXKUTEbHAA BOJIHA, a BOC- 
HoBseHHIO (6) — Oomee oTpullatenbuasd. -AHaslOrMuHbIe BbIBOAbI MO yYeHbI 
De3YJIbTATOB ONPeeNeHHA AMMNOJbHBIX MOMeHTOB (1°) w pH H3y4eHHU NOrO- 
Wud 2-HuTpOpypPpypoua B ybTpaduowere (1°). B ormuune oT cBoero u3oul0ra, 
HTpoceseHodenasbAeru, BOCCTaHaBIMBaeTCA HOPMaJIbHO (NOJ06HO n-HUTpO- 
BaJibleruly), H3 4ero culedyeT, YTO STO COeEMMHEHHE He rupaTUpOBaHoO B BOL- 
> cpejax.; 


VUuctutyT opranMyeckoro cHHTe3a Moecrynuso 
Axkanemuu Hayk JlataCCP 21 VII 1959 
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PH3BHTECKAA XHM 


T. M. ABPAMOBA, H. JI. TAHKHHA u A. C. DOMEHKO 


MEXAHH3M OBPA30BAHHS MEPEKHCH BOJOPOAA 
MPH KOPPO3HH METAJIJIOB 


(IT pedcmaeneno axademuxom A. H. ®pymxunoim 13 VIT 1959) 


O6Opasopanune mepeKucu BOJOpoJa NPM OKHCeHHH MeTaJIOB B MpHcyTé 
BHM BOJbI HU KHCIOpOAa BOsLyxa BMepBble OplwiIo OOHAPyxXKeHO ellie B cepetH} 
XIX cronerun LWettu6eiinom (1) u 3aTrem noyrsBepxkeHo B pabotax (778). 

Ilo nopoy MexaHu3Ma OOpa30BaHuA NepeKucH BOMOpOa B 3THX YCJIOBK. 
HeT efMHOli TOUKH 3peHua. Hexoroppie apropni (*,”) nomaraiwr, uTo B OOpast 
paHuu H2O2 npuHumaeT yuacTHe Kak KUCIOPOL BO3Ayxa, TaK HM KUCIOPOL BOT} 
Iipyrne (%,°,°) cunrator, uro H2O2 npn KOppoO3HH BOSHUKAeT JIMIb 3a CUeT KF} 
nopofa sBostyxa. MuorouncmeHHbimMH uccieqOBaHHAMM TlocmeqHUX seT (J 
MOKa3aHO, YTO Mp KaTOAHOM BOCCTAHOBJIeHHH KUCIOpOa Tak%Ke HMeeT MEC 
o6pasopaHve mepeKucH BOAOpoa NO ceyIOUuM CyMMapHbIM ypaBHeHHAl 
HeeteHt yy 4 teet2Ht or 6 


+2e+H.O 4 +2e+H.0 4OH- 


B xucnon cpeye: Oz 


B wemounon cpeze: Os HO; + OH 


Tak Kak aTMOciepHad KOPpO3HA MeTaJIJIOB HeT Cc KUCMOPpORHON enomap} 
3allMeH, TO B COOTBeETCTBHU CO cxemolx (1) B Npollecce KOPppoO3HUu OJKHO Tpor| 
XOJMTb MpoMexkyTouHOe OOpas0BaHHNe He2Oe 3a cueT BOCCTaHOBJICHHA KUCJ! 
pola Ha KaTOJIHbIX yYaCTKaXx MOBePXHOCTH UH, CJIEHOBAaTeIbHO, C HSOTOMHBEIM COCi} 
BOM, OTBeYalOWIMM Ta3s000pa3HOMy KHCJIOpOoLy. 

Jl nodTBepxKLeHuA CMpaBeVIMBOCTH STOTO MeXaHH3Ma MpOMexKyTOUHO! 
oOpa30BaHuA TepeKucu BOoJOpoda upH aTMOcdepHOH KOpposuH MeTaJJIOB If 
HCHOJIbSOBaJIH MeTOJ| MeveHbIX aTOMOB. B cBA3H C TeM, UTO B Mpollecce KC| 
pOsHH MeTasIa MponcxofMT OpicTpoe pasoxKeHHe KaK BBeeCHHOM B KOpf! 
3HOHHy!0 cpelly, Tak M OOpasyloleca NpH KOppo3snHu Mepekucn BOLOpoORa, | 
Wid PUKCHPOBAHHA Bcel MpOMexyTOUHO BO3HHKaloleH MepeKkucn Obl UpuM 
HeH MeTOX usoTONHOTO pa3s0aBeHud. B kauecTBe MeTKH ObIJI B3AT TAXKEI 
usoTon Kucopoga O'. Tlocnequuli BBOAMJICA B KOPposvoHHyto cpenxy HOC! 


Bue sapanee oOaBJIeHHOH MeYeHOH Mepekucu Bomopoga (H205"), mn6o, 
Buje rasooOpasHoro KUuCOpOfa, NpOLyBaeMOro Yepes PacTBOP, B KOTOPOM KG 
pofupopas MerasI. Ec npeqioxeHHad Bbliie cxema (I) cnpaBequiuBa J 
ipollecca KOPpO3HH, TO MPH STOM OUKHO HabsMIOMaTbcA U3MeHeEHHe U3Z0TC 
HOTO cocTaBa 3apaHee NoOaBJIeHHOM B KOpposHoHHy cpezy He2Oe B cropo 
mpHOIM2KeHUA K COcTaBy ras0Bol cbasbi. Takoe H3MeHeHHe H30TONHOrO cocta 
JeUCTBUTeIbHO HaO0faOcb HAMM Np KOppo3suN WHHKa, MarHHa, osoBa, a 
MHHHSI H KaJIMAA B BOMHOM pacTBope MepekucH BOROpOsa, B KOTOPHI norpy» 
JHCb OOpasiibl CTPy2KeK MeraJia U Yepes KOTOPHIi NpoxyBases razo06pasH: 
KHCJIOpOL. | 

B mpowecce KOpposHH BceX MCC/IeOBaHHbIX MeTaJJIOB HaOMOMaOch oue 
Obicrpoe pasO%KeHHe NepekucH BOLOpofa B pacrsope. Jia wWuHKa u KaIM 
or 10 qo 20% ee or ucxo_HOrO KOuMYeCTBa COXpaHANOCh AmuTebHOe Bpe 
(qo 24 vac. u Oovlee) B OcayKe MpOAyKTOB KOPpO3HU STHX MeTaJIIOB B BHe ey 
KHCHBIX COC(MHEHHH, HepacTBOpHMbIX B Boe. Ilo nuTreparypHbim annem (! 
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jjpewenax ucnomb3yeMbIX HaMH KOHICHTPalluH nepekucu BORoposa mepekuc- 
p coequHeHna Zn u Cd orseuyator cocrapy MeOz -nH2O, rage n Kone6serca B 
metax oT 0,4 go 2. 

ITJo okonYaHHH ONITOB, WIMBUIMXca OT | fo 24 yac. AIA pasHbIX MeTAaJVJIOB 
\BABHCHMOCTH OT CKOPOCTH HX KOPpO3HH), MPOM3BOAMOCh ONpeeseHHe KO- 
(HOH KOHIeHTpalluH TepeKucH M ee M30TOMHOTO cocTaBa B KOppo3sHOHHOH 
ute. B cilydae WHHKa HW KaJMHA B MOcIeAHIOIO MOOaBAach pasOaBJIeHHaA 
| 8) He2SO,, B KoTopol mpoucxoyuso pacrBopeHue NepeKncHbIX cOoeqMHeHHHt 
WX MeTam0B. OcBoOoxaloulasicd Mp STOM Mepekucb Mepexousa B pact- 
), B KOTOPOM Onpeeman0cb ee COMepxAKaHHe B MPOWeHTAaXx OT HCXOMHOH HM 430- 
WHbI cocraB. B onmbiraX ¢ MarHHeM, aJIIOMHHMeM HM OJIOBOM TepeKHcb BOJO- 
la onpeeisach HenocpeAcTBeHHO B KOPpO3HOHHOHM cpefle Mocse ee oTye- 
HMA OT CTPy2KeK MeTaJIJIa H MpOAyKTOB Kopposuu.Onpeyenenue KOHILeHTpallHHn 
KKOAHOH H KOHEYHOH nepekHch Npou3BOLM0Ccb NepMaHraHaTHbIM MeTOJOM. 
HOTONHBIM cocTaB MepekucH BOROpoda onpedeisnsica Macc-CieKTpOMeTpHyecKH 
KMCJIOpOAy, BbIAeIABWIeEMyCA MpH pa3OwXeHHun Nepekucn NepMaHraHaTOM 
fiMA B KUCIOHN cpexe (nO OTHOMeHHIO NHKOB 34/32) *. U3pecruo, uro nepe- 
Hcb BOMOpOJa He OOMeHMBaeT CBOerO KHCIOpOna c BOOK (7”) u YTO MpH ee pas- 
bkennu TlepMaHraHaTOM KaJIMA BeCb KHCOpOA mpoucxoguT us nepekucu (7%). 
MHHbIC TO H3MeCHEHHIO H3OTONMHOFO cocTaBa TepekucH BOJOpoa B XOJe KOp- 
BUM UMHKAa, MarHHa, aJOMMHUA, KaMUuA VM O/IOBa MpescraBueHnb B Tad. |. 


(bITb] NPOBOAWJINCb B TeEMHOTE TIPU KOMHATHOH TemilepatType. 


Ta6nuua 1 


MUsmenenve H30TOMHOTO -cocTaBa NepeKHCH BOROpORa NPW KOPpOsHH WHHKa, MarHHs, 
KaIMUA, aJlKOMMVHAA HW OJIOBAa 


Konneutpanua H,O., H3o0ronH. cocTaB B aT. % 
eee % (BKMOUaA IpHpoAHoe cofepxK anne) Vanek 
TeJIbH. H30TONHOTO 
OMp!Ta, H,0 coctaspa H,O,, 
uac. HauaJIbH. KOHEUH. O, % OT ,HavadbH. 
HauaJIbHy. KOHeUH. 
3 1,49 0,04 120 HOT 0, 20* 44 
3 1,02 0,04 0,20* 0,27 A xO we Ac) 
Z 3,04 OS Ab aes 0,93 0, 20* 18 
5 Sypale) Wee 0,20 0,28 Ae 40 
24 0,50 0,01 shill I 0,98 0, 20* 16 
24 0,65 0,04 0, 20* (Oe) 1,09 DS 
24 O54 0,03 1,18 0,83 0) 20% 29 
24 0,54 0,03 Leal 0,88 0, 20* 29 
4 0,41 0,01 Ot 1,05 Os20" 13 
4 0,44 0,02 O20" OR25 1,09 25 


* TIpupoquoe coyzepxaHnue. 
** OnbiTbl C OJOBOM MpoOBOANANCcb B MpucytctBuu NaCl (3% pacrsop). 


V3 ra6. 1 BuAHO, YTO B Mpolecce KOPpO3HH BCeX MCCJIENOBAHHbIX MeTaJIJIOB 
OOaeTCA 3aMeTHOe H3Me€HEHHE H3OTOMHOFO cocTaBa HCXOJHOL mepekucu. 


18 
ompitax c H2O3° + O5° conepxKanne O18 B nepekucu cHHKaerTca, a B ONbITAX 


H202° + 02° ono Bospacraer. STO U3MeHeHHe corvacyerca c Mpesnomo2xKeHneM 
MpOMexKyTOUHOM OOpa30BaHHH Mepekucu BOOpoa B Mpollecce KOppo3suu 
cueT BOCCTaHOBJICHHA raso0Opa3HOrO KuCIOpOa, HANpuMep, B COOTBETCTBUH 
. exemon (1). 

Owm6Ka Macc-CneKTpoMerpHyecKHX ONpedeteHuH H30TONHOTO cocTaBa KUc- 
pola cocTaBJIAeT B HalWUX OMbITax OKOO 3%. Kak BuyHO u3 Tabs. 1; HabuIO- 


* Axtophl Onaroqapat unxKeHepa M.M IIpotaca 3a BbilloHeHve Macc-cieKTpOMeTpHYeckUX 
AIH3 OB. 
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JlaeMble H3M€HCHHA H3OTOMHOFO cocTaBa NMepeKHCH BOOpOsa B mpoilecce Kj 
pO3HH JlexKaT 3a MpefeaMH BO8MOXKHDIX OLUMOOK MaCC-CIIeEKTPOMeTPHYCCK | 
u3MepeHui. 

Hamn Opi clean Jia WHHKa WM aJIIOMHHHA pacyeT COOTBeETCTBHA MeK@ 
KOJIMUeCTBOM MpOKOPpOAMpoOBaBlero MeTaJIa HM KOJIMYCCTBOM OOPAasOBaBIlle 
cA mepekucu Bosoposa. OTo emalocb MyTeM COMOCTaBJICHHA KOJIMYECTBA My 
Talia, Mepelieqiiero B MpOLyKTb KOppo3sun (OMpefeeHHOrO aHaJIMTHUECK 
MyTeM) C PaCCYMTaHHbIM KOJMYeCTBOM MepeKUCH, OOpasyloulelcA Ha KaTGs 
HbIX yYACTKaX NOBEPXHOCTH Mp BOCCTaHOBJeHHH KUucOposa. B ocHOBy pé 
yeTa OblvIM MOJIOMKeHb! CleMyIOWMe CXeMbI KOPPO3HH STHX MeTAJIVJIOB: i 


2Z7n +s Oy ++ 2H,O = 2Zn (OH), 
4A] + 30> + 6H2O = 4Al (OH)s (I 


o o 8 ia 
3naq KOHMeHTpatwio u usoTonupii! cocras HayanbHol H2O2° u paccunTil 


(ucxOJf H3 KOJIMUeCTBa MpOKOPpOAMpoBaBlero MeTaJa) KoMUecTBO H2O# 
KOTOPOe JOJKHO OblIO O6pasoBaTbcA B NpOllecce KOPpO3HH, MbI PacCUMTbIBa.lE 
KOHEYHbIi H3OTOMHbI cocTraB Nepekucu BOLoposa. IIpu stom mpesAnoarasoch 
UTO BeCb MOFIOULeHHEIT mpH KOpposnu (no cxemam (II) u (III)) rasoo6pasure 
KHCJIOPOA OOpasyer MepekUcb B COOTBeTCTBHH co cxemol (I). B KauectBe np) 
Mepa lIpHBefeM pacueT KOHeEYHOTO M30TOMHOTO cocTaBa MepeKucH BOOpO] 
B OJHOM H3 OMBITOB C ILMHKOM, Tle Obwio B3TO 4,5 Fr WMHHKOBbIX CTPy2KeK ui 9,9 cy 


H,O} c ucxoqHofi KOHUeHTpatineli oKon0 2,5%. Tlocme 4-yaconoro mposys) 
nus O3° yepe3 pacrBop; KoppogupoBano 0,081 r WHHKa M COOTBeTCTBeHHO n| 
rloTusocb (cormacHo cxeme {II)) 0,02 r O3°. HayanbHoe cofepxKanne Kucai} 
poma B H2O}* 0,237 1, KoweuHoe 0,0047 1. KoanuectBo norsomeHHo| 
B mpowecce Kopposuu O,° (0,02 r) cocrasuser 16% or cpefHero BO Bpemer| 


coflepxKaHua Kucopoqa B H20;°, yuacrsyrourei B onsite. I]pu ucxoxud 
cozepxkannu O78 B nepekucn, paBHoM 1,22 atromHbIx %, KOHe4HOe ero cojell 
*KaHHe B N€PCKHCH JO/KHO ObITb B STOM calyyae Ha 16% HuxKe u cocTaBuTh 1,029) 
Onur Ja BemmuuHy, paBHyto 1,15 aromupix %, TO ecTb c TOUHOCTLW B 13 
OTBeualollly!0 BbIuHCeHHOH. Jia Wpyrux culysaeB paccuMTaHHble 3HaveHuA u31| 
TOMHOrO cOcTaBa KOHCYHOH MepeKHCH BOJOPOfa OTKJIOHAMMCb OT OMbITHEIX } 
5—20%. Ora pa3sHHlla, NO-BHAHMOMY, CBA3aHa C TEM, YTO YaCTb BHOBb o6p) 
3ylolleHcA NepeKHCH BOJOpPOMa, HaXOJACb B MOMEHT OOPa3s0BaHHA B Henlocpe| 
CTBCHHOM KOHTakTe C MeTaJIJIMYeCKOH MOBEPXHOCTbIO, KaTaJIMTHYeCKH e10 pal 
jaraeTca, H€ YCN€B M3MeHMTb M3OTOMHBI CcocTaB HCXOZHOM nepekucu. Bropc| 
BOSMOXKHOH NPHYMHOK OOHAPy2KeHHBIX PacCXOKeHHH ABJIAeTCH YaCTHUHOe yua! 
THe B Mpollecce KOppO3HH Toro KHCOpOAa, KOTOPbIli BOSHUKaeT pH Kata! 
THYCCKOM Pa3JIOXKeHHH MepeKHCH BOMOPOAa WH MMeeT M3OTONHbI COcTaB Koj} 
pO3HOHHOH cpefbl. BuoBb oOpasyloulasica 3a cuer 3TOrO KuCOpoma HeOe ¢ 
H3MCHHT H3O0TOMHOFO cocTaBa MepeKHCH KOPPO3HOHHOM cpespl. 

IIpuBeyeHHbie 3HaYCHHA OMBITHDIX HM PaCCUHTAHHbIX BeJIHYHH KOHEeUHOI 
M3OTOMHOFO CocTaBa MepeKUCH BOAOPOMa NOKasEIBalWT, YTO IPM KOpposnu OO6p: 
30BaHHue H2Oe saBsiseTca He MOGOUHON peakllMel, a OMHUM M3 OCHOBHBIX 3BeHbE 
3TOrO mpolecca. 

Tlonpirku craOuiusHpoBaTb Nepekucb BOJOpoa MpH KOpposnHu nyTeM Ac 
OaBKM B PpacTBOP OKCHXMHO/MHA, MMpodoctata HaTpuA, CHIMKaTa HaTpusA UM Ty 
He JlaJiH OKHaeMbIX Pe€3YyJIbTATOB. 

Hsmenenne u30TOMHOrO cocTaBa MepeKucH B Mpolecce KOppo3uu He MOT” 
ObITb CIeECTBHeM KakOro-HO0 NOGOUHOTO OOMeHa KHCIIOpOa B cucTeme: HeQe- 
+ O2+ HeO + Me(OH), B npucyrcerBuu crpyxek Metaswia, O UeM CB eTeW 
CTBYIOT JIMTepaTypHble aHHble MH Halll KOHTPOJIbHbIe OMbITHI. OrcytcrBue ot 
MeHa Me?K Jy KMCJIOPOJOM UM NepeKHCbIO BOROPOa B HeliTpabHOLi u KucOM cpez 
Halen Xapt c corp. (4). OrcytcrBue O6MeHa M@XxKAy KucOpozoM u BOOT 
KOHTaKTe C OKHCAMH M THApoOOKHcAMH noKa3saHo Maxkeusu u gp. (15). JInm 
HeOoJIbuoH OOMeH B CHCTeMe KHCJIOpoy — Mepekucb Bosoposa oOHapyxe 
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pH 11,75 u nox BausaHuem y-n3ayyenna (1), a raKxe B cucreme ZnO + 
2O2+ H2O + O2 noq BAMAHHeM yabrpaduoneroporo oG6syuenua (15). 


[ He Halll OOMeHa KucOpoga B cucteme: H201!8+ H201!% ny H20!%+ H2O02* 
| Cig crpyxek Zn, Cd, Al, Mg u Sn kak mpu Hamuunn, Tak u B OTCYyT- 


jMe TrasooOpasHOoro KHCOpOMa B YCJOBHAX, OTBeYAIOIUX KOPPO3MOHHbIM 
jpiTaM. OOMeH KHCOpoOsa Tak%Ke He Obl HaMM HalijeH B cucremax Al(OH)s+ 


HH 202 uv ZnOz-nHeO + HeOi,. CreqopateibHo, aHHuie, NOYYeHHbIe IA 
WeHeHHA M3OTONHOFO cocTaBa NepeKucH BOOpOa, B HallMX KOPPO3HOHHbIX. 
bITAX He OblIM HCKaxKeHbl KAKHM-IMO0 NOGOUHBIM OOMEHOM KUCJIOpOsa u CcOo- 
WCyYIOTCA C M€XAHH3MOM IIpOMexyTOUHOrO OOpasoBaHuA NepeKucu BOsOposa 
H KOPpO3HH MeTaJJIOB B IIPHCYTCTBUH BObi UH ras0oOpasHorO KUCIOpOa B 
{ Saeiee co cxemol (I). 

{ 


Astopbl Ojaroqapst akagemuka AH YCCP A. HU. Bpogckoro 3a pyKosos- 
30 padoToH. 


| Mucrutyt dusuyeckot xumuu uM. JI. b. [lucap2xescxoro | Ilocrynuao 
Akayemuu HaykK YCCP 13 VII 1959 
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Jloxnaynn Akanwemun nayr CCCP 
1959. Tom 129, Ne 4 


PH3HYECKAS XHMH 


H. H. BAXMAH 


MNEPEHOC JUCMEPrFHPOBAHHBIX YACTHI FTASOBbIM TLOTOKOM | 
MPH TOPEHHH MOPOXOB a 


(JT pedcmaereno akademuxom B. H. Koxdpameeeoim 9 VII 1959) 


B pxge paOor no ropeHuio NMOpOXOB MpHHHMaeTCA, YTO CYUeCTBeEHHOH CT! 
uel 3TOTO Mpollecca ABIAeTCH WucneprupoBaHve HEKOTOPOH YacTH HCXOHO}) 
nopoxa c nocwelyIoulMM cropaHHeM oOpa30BaBlluxca yacTHl, B noToKe. I] 
3TOMHMHOrAa WOMyckaeTcs, YTO CKOPOCTH YacTUL HW ra3a paBHbl. [lockobKy cup} 
BeJWIMBOCTh TaKOrO JONYWeHHA He OVeBHAHAa, MpeAcTaBsIsAeT HHTepec paccMo 
peTb JBY2KeHHe YacTHIL BOH3H NOBepXHOCTH s3apsila. 

IIpu npoxoxfeHuu (pouta TOpeHHA YacTHIbI, NOKOMBUIMeCcA B WadOpaTO 
HOH CHCTeMe KOOPAHHAaT, BHE3AMHO HayHHaloT OOAyBaTbcA NMOTOKOM raza. I, 
yBuleKaeT YaCTHUbI, a CAM COOTBETCTBEHHO TOpMosntTcs. JIA YacTH He CIMLIKC 
OouIbIOTO pa3Mepa ycCKOpeHHe, CBA3aHHOe C JleHcCTBHeM Ta30Boro MoTOKAa, }f 
HavaJIbHOM YUACTKe 3HAYHTeCJIbHO NpeBblllaeT YCKOPeHHe CHJIbI TAKeCTH, 
MOcsIe {HAM MOKHO l1peHeOpeub (Kak 3TO ACHO U3 MPMBeJeHHOrO HUKe pacuereé) 
uTO JeslaeT 3aflayy Oovee OnpeeseHHOH. y 

OrpaHu4unMcsd 30HOH, Pe YaCTHIbI elle He pearupyior, T. e. coxpaHsert 
MOpO3Hb MOTOK MAaCcCbI TBEPAbIX YacTUL HM raza. SamvIlleM 3aKOHbI COXpaHeHH | 

SakOH COXpaHeHHA Maccbl 


Pr Ur = (1 — B) my = (1 — 8) pr, Us, q 
Pr [Ur — (1 — B) Uy,] = 198; (1 


3necb 100 (1 — 8) —nponent qucneprupoBaHHa; HHLeKCbI Tr, TH F oTHocaTc 
COOTBETCTBEHHO K ra3y, JMCMeprHpOBaHHbIM YaCTHIWLAaM H HCXOJIHOMY BelllecTB* 
QOr— Macca 4aCTHIL Ha eHHHLy OObeMa MoToKa; B (1’) yuTeHO, 4TO Yac} 
oObeMa NOTOKa 3aHATa YaCTHLaMH. \ 

Jlna cpeqHelt MIOTHOCTH BeleCTBa B MOTOKe NOJIyuHM 


heme 4 
ss wif a 2 ( 


3aKOH COXpaHeHHA HMITyJIbca : 
P.-+ PiMglly + (1 — B) motlr = Po + Mo Uy. @ 


3aKOH COXpaHeHHaA 2HeEpruu 


hes u2 aT ue 

Bitty (wo +) + (1 —B) tt (we + =) — 0 Ge = ty (we, 4) — 2 
Lee 2 Wr=W,+¢c CT w — Bw, — (1— 8) a, | 
(7 = 1) P, ’ 7: iy TE Bi) Ts r T 
= Q—Tenuota ra3snpuKalnn. 

B vanvcaHHol CHCTeMe HeH3BeCTHBIMK CJIehyeT CUNTATb pr, Up, P MU 
YTo KacaercA W;, TO OHA MOJUKHA ObITb oMpesenena vepes w, =f (p; p;) 1| 
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3IeCh W. = W,-- 


}OBUM TemJOOOMeHa, OMHaKO B JBYX Mpe/eJIbHbIX CyYaHX W, 3apaHee 113- 
Ha: [Id OWeHb MeJIKHX YaCTHI, MO?KHO .IIPHHATb 


| W, = W,-+ Cr(Tr—T,), 
| OUCH KPYIIHbIxX 
Wy ~ Wry,. 


Is onpeyeseHua CKOPOCTH YAaCTHIIbI Uy BO3bMeM ypPaBHeHHe ABYKeHUA 
THIS! (MJIOTHOCTb YaCTHUb! MPHHATA paBHO! p;,) 


fon Cent spate i (4) 
3 Pr, di Pr (Ur Tt) 9 


| §€— KospPwunenT NopAyKa eAMHHUbI, 3aBMCHINMi OT (POPMEI YaCTHUBI u Ap. 
‘Hayampyple ycnoBus 


Peet Re 0) oT atx 0. (5) 


| Taxum oOpasoM, MbI MOJIyuHJIM 3aMKHYTYIO CHCTeMy, KOTOPy!O MO2KHO 
aTb MeETOJOM NOCJeOBaTeJIbHEIX NpHOMKeHHH. 


T/dx Mano MeHAeTCA B Npefeswax WHTepecyrolleli Hac 30HbI, MOXKHO IIpH- 
tb pp~ const H uy~const. Torga ypaBHeHue (4) HemocpefcTBeHHO MHTer- 
»yetca. B cucTemMe, cBa3aHHOH c dpoHTOM, NOJyaNM fA KOOpAMHATHI 


= 4 fr Pr, 3 é Pr . 
esud— se in[l + apa (le — te) (6) 


CKOPOCTH WacTHIUbl 


a (7) 


muuuH. Jina npuMepa ObisI MpocuuTaH cilyual, COOTBeETCTBYIOWIMH TropeHHio 
ecepHoro yepHoro nopoxa pH p= 
}1 arm. [Ipunumas pr, = 1,65, 2/4 E~ 1; Ta6aunua 4 


pp/ RT ~ 1-46/ 82-600 ~ 10° 
9CM?; Uy,= 1,8 MM/CeK; Up~ r,Ur,/pr k=0,5 | k=0,9 | R=0,5 | k=0,9 
amo .cM/Ccek, NOyUMM BpeMaA fz, 638 [OO 
| KoTOpoe ¥acTHILa ycneeT MpHoOpecTH tp B CeK. xp BOM 
JOPpOCTh uU;= Rup, WM paccTOAHHe xp, —— 
| KoTOpoe CABHHeTCA 4acTHIla 3a 3TO 1 |5,5-40-4| 5.10-8 | 0,054 1,42 
CMA, IIPHBeeHHbIe B TaOn. 1. 10 15,5-40-2) 5.10 | 0,54 Gh) 
Orciofa culelyeT, YTO MOJeJIb, B KO- 400 | 5,5-40-2| 0,5 5,4 112 


pou ckopocTu YacTH M ra3a paBHbl 

Ipefesax 3OHbI ropeHua (MMeloleH pH p= 1 aTM. WupuMHy NopsayKa He- 
OJIbKUX MUJWIMMeTpOB), MPHMeHWMa K YacTHUaM pasmMepomM < ly. Hanporus, 
A YACTUIL pasMepoM B JeCATKH MHKPOH H OoOJlee MOXHO CYHTATb, YTO 4Ya- 
UIlbl OOpasyroT HEMOLBUXKHY!10 (B MaOopaTOpHOM cucTeMe) pellleTKy, KoTOpaa 
OpaeT B Mpoxo,AlleM uepe3 Hee MOTOKe ra3a. 

IIpu ypenuyenuu japsenua BemmuuHbt fp U Xe coKpautaorcs. V3 (7) cue- 


TlockombKy JIA MOpOXOB prlly ~ p", TO teat 


1 
eT, 4TO ty ~ pr,f ry 


| il 
[PH He CJIMWIKOM MaJibIx ftp u3 (6) cileqyeT HOSEN Te a Oguako wupuua | 


825 
TAH, rT. 129, Ne 4 


paccMaTpHBaeMOit HAMM MOATOTOBHTe.bHOM 3O0HbI COKpalllaeTCA C yBeHYeHH 
JlaBeHHA TO TOMY %Ke 3aKOHY 


M MOSTOMY BBIBOJbI, NOJIYYeHHbIe NpH p = 1 aTM., ClpaBeJIHBbl H AIA AP 


Tux JaBeHui. 
CpenHee ycKopeHHe YaCTHUb! G.p~ ku; /te WA yacTH pawquycom ly ¢ 


craBinet ~270 g (npn k=O,5). Hanporus, gaa yactun paguycom 10( 
Qcp XZ, UW 9TO CYKUT elle OHHM JOBOROM CUHTAaTb TakHe YaCTHI[bI Her 


JIBYOKHBIMM B TpefeJIaX SOHbI TOPeHHsA. 


VuctutyT XHMHueCKOH H3HKU Tlocrynuzo 
Axajemun HayK CCCP 27 VI 1959 
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Toruangn Akagemun nayr CCCP 
1959. Tom 129, Ne 4 


PHSHYECKAAH XHMHA 


tO. A. BAOBHH, Bb. M. FPA®OB u B. A. MAMJIMH 


BbINPAMJIAIOWWEE JEMCTBHE KOHTAKTA 
IJEKTPOJIMT — IJIEKTPOHHbIM MOJIYNPOBOAJHUK 


(ITpedcmaeaeno axademuxom A. H. ®pymckuneim 6 VII 1959) 


Hacroallas padota, kak u padora (1), nocBalleHa H3y4eHuIO PpaHullpl pas- 
1a Byx (a3 — nowynpoBoqnuka UW 9IeKTpomUTa. Sawaya cTaBUTCHA Tak X*Ke, 
B ("); OHakO, B oTmMune oT (1), yYHTHIBaIOTCA AbIPKH M Mpesnosmaraercsa, uTO 
§|PHMeCHOM 9JIeKTPOHHOM MOJIyMPpOBOJHHKe MOJIHOCTbIO HOHU30BaHbI JOHOPHbIe 
DBHM VM MOJIHOCTHIO 3alOJIHeHbI AKUeNTOpHBIe ypoBuH. Cuntaercs, uro mpumec- 
He YpOBHH PpaBHOMepHO pacmpeseseHbl 10 OObeMy MOMyNpOBOLHUKA. 
QeKTPOXUMUA PaCCMOTPeHHO"O B HacTOAlleH paGoTe KOHTAaKTAa CYLLeCTBeEHHO 
|iM@uaeTca OT IIEKTPOXHMUH AHOAHOLO pacTBOpeHuA repMaHus n-Tuna (7). Bno- 
HEM CuLyyae UeT peaKUMA C yYaCTHeM JbIPOK, COMpOBOKAawollaAcA OCBO- 
R<IICHHeEM 3JIeKTPOHOB. B KOHTaKTHOH OOJlacTH repMaHHeBOTO 9aueKTposa 
yasyeTcaA p — n-mepexoy. Bpinpamastoulue adiekTh, OOycIOBJICHHbIe STHM 
— n-llepeXOJOM, AHAAOTMUHbI COOTBETCTBYIOWIMM Sd:pekTaM TBePbIX BbIIpPA- 
rege. EctrecrBeHHO MpeANOJIOKUTb, OLHAKO, YTO Ha MOJYNPOBOLHUKAaX BO3- 
HbI PeaKIMU MHOFO THMA, C YYACTHEM TOJIbKO JJICEKTPOHOB (JIM TOJIbKO JIbIPOK). 
oro pola 3ueKTpoxuMuMyecky!o peaklnio Ha6mogamu IO. B. IInecxos u 
|H. Ka6anop (’). 

\IIpu pacuete mpi BblOpamu cayyali, Korgqa Ha KOHTAaKTe HJeT peakluA TuMIAa 


AttezA um AZA+e. 


( mlOKasKeM, 4TO, eCJIH B TakOH CHCTeMe B paBHOBeCHH MpHKOHTaKTHbIA 
H O6eMHeH KaK 3JICKTPOHAMH, TaK H JbIPKaMM, TO B 9TOM CHCTeMe BO3HH- 
‘T cBoeoOpasHoe BHINPAMMeHHe, He CBA3AHHOe C p— /-lepexojoM. Cuctema 
ABHEHHM, ONMCbIBalOlaA NOJYNpOBOAHUK, cJleqyroulas: 


(! 


dz/dt=zy+r(1—B), (1) 
dP / di =— Py— 28, (2) 
dy/dt =z—P—1-+y, (3) 
—dhB/ dt = A(2P — 8). (4) 


HOsHayeHUA BeMYMH B ypaBHCHHAX (1) — (4) Taxve xe, Kak B (), O]HaKO 
Cb BBefeHa Ce3pa3MepHaA KOHIeCHTpallMA AKILeNTOPHbIX YpOBHeH Vv, a TOK, 
IDCHOCHMBIH J[bIPKaMH, OGO3HaueH AB. 

| Ycnopus Ha GeCKOHeYHOCTH OOBIUHBIe: 


dz/dt\,,1=/4P dt|,,,.,=4y/dt,,...=OB/di\,,..=9. ©) 


|Tpanuynoe ycjiopve Ha KOHTAKTe, B COOTBETCTBHM C BbIOpaHHbIM THOM 
KTPOXHMHYECKOM peakKUHH HM B corjacHH c padoroli (*), MMuIeM B Buse 


ei Sia ea [= e—aAy’ — eh" | JoxB? =0. (6) 
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Vugexcst k, co u O onpegenaioT 3HAYCHHA BeJHYMH COOTBETCTBeEHHO Fi 
KOHTaKTe, Ha OeCKOHeYHOCTH H B paBHoBecuH (A= 0); Ad’ — orKmoHeHy} 
MajeHuaA HanpsAxKeHHA B TeAbMrOJbIeBOH YaCTH BOMHOTO COA OT paBHG 
BecHOro, paBHoe fy (ye — y%) (2). ; 

Tak xe Kak B (1), 91eKTPOMNT pacnosO*KeH CeBa, NOJYNPOBOAHUK Cmpi) 
Ba; KOHTaKT HaxogquTca B TouKe ¢ = 0; TOK CUHTAeTCA NOJIOMKUTEbHbIM, CCI 
OH TeyeT CyIeBa HanpaBo; mayeHue HaMps>KeHHA, BbISbIBAaIOWee MONOAKUTEe IH 
HbIH TOK, CUHMTAeTCH OTPHIaTeJbHbIM; MaseHveM HallpsxKeHuA B AMdppy3snorl 
HOM YaCTH JBOMHOTO CJIOA H OMMYeCKHM MafeHHeM HalpAKeHHA B IJIEKTPOM) 
Te lmpeHeOperaem. y 

Cnoxus (1) nu (2), noxcrapup z—P uz (3) uw unTerpupys Bce no? Bp 
jenax (+ 00,?¢), nNomyuum 


2 
Tey — Hoy? = 2+ P—%o— Po—(l—wyo+h, 
rye 
t ; t 
k+ 
b= | W—yo)dts tr=—2=Z* | (Bo —B) ade. 
too -+oo 
Bripaxenue quia J, nonyuaoTrcA B TaKOH (opMe, CCH YueCTb COOTHOII) 
HHA MeXy pa3zJIMUHbIMH BeJIMUMHAaMM Ha OeCKOHEYHOCTH, OMpesesIAemMble Kpé 
BbIM YCJIOBHeM (5).  ABAeTCH BeNMUMHOM OTPHWaTeJbHOH, TaK Kak Mose 
BO3pacTaeT pH ABH2KeCHHH OT Oe€CKOHEYHOCTH K KOHTAKTY, HOO, no NpezNO 
XKeHHIO, 2 MafaeT Mp TaKoM jBuxeHHH. PaccmaTpuBan B (2) yu B kif 
W3BeCTHbIe (YHKUHH, NOJyuuM i | 


P = Piye¥ + Ia, 
t 


= AB 
rye I, = \ (— PYn—-) evdt. 
-Loo 
H13-3a MaJIOcTH paccMaTpHBaeMBIX TOKOB (|\|<1) oKa3bIBaeTCA, 4? 
BO BCAKOM CJlyyae, Iph —d > 1 mMoxuHOo Aa y MP NONb30BaTbCH BbIPAaKeHHAl 
Voy? = P..e-¥—(1—v)b, P= Poe. (|) 


[py6aa olewKa OMyUieHHbIX MHTerpatosB J, u J, MoxeT ObiITb JerKO Mf} 
Beyena. JlelicTBHTeIbHO, Yepe3 KOHTAKT TeYeT TOJbKO 9SJICKTPOHHBI TC| 
Byam OT KOHTAKTa HeOOJIbINad YaCTbh TOKa TepeHocuTca AbipKamu. Scuo, ul 
MepeXO, OT YHCTO QI€KTPOHHOTO TOKa y KOHTakKTa K pacmipeyeeHuio TOF 
CyWlecTBYIOWeMy Bald OT KOHTAKTa, MpOMCXOAMT Ha paccTOAHHAX NOpsAyk 
Wupy3svouHHoOu AnmHbl fp. SaMeTHB 3TO, NoWyyaem 


il <]R]Otp <1 <%ey?, | La] < Pose || ft < Poo e*. 
Yyo06HO BBecTH BeHUHHy ¢*: 
Poe?" = (1 — v) o*. 
Torga 
‘hy = + —) > mpe — bee ee 


Paccmatpusaa B (1) yu B Kak uspecTHble (byHKuMH, MoOyuuM 


Zp = Zogeih + ev \ ae db +I, 
ative Y——"Yos 
t(—v~1) 
rae I, = eve \ e-¥ (ZYoo + (1 — B)) dt. 
co 


|B neppom uuterpane B (9) umeHOM ZY. MOX%KHO MpeneOpeub MO cpaBHeHHiO 
A(1— 8B), tak Kak 9TH 4eHEI UMeIOT OMHAKOBHIi NOPALOK TO/bKO Ha Gec- 
waeuHocTu. IIpu mpuOimxKeHuu K KOHTaKTy 9JIEKTpOHHaA MOTHOCTh z Mayaer. 
3a HaJIMYA SKCMOHEHIMAIbHOrO MHOXAKUTEIA MHTerpadl OMpefesneTcA Bepx- 
M TpeyesoM, wu oesHeHHe MpHKONTAaKTHOM OGnacTH SeKTPOHaMH pe3KO 
mKaeT 3HaYeHHe HHTerpasia, cofepxKallero ueH Z2Yo. Benuuuny B 
(KE MOMKHO OMYCTHTb, TaK Kak B MeuseTCH OT HYJIA Ha KOHTaKTe JO 3Ha- 
Hua Boo~b wna Oeckoneynoctu, a b<1. IIpn —dy<¢* ocrapuniica 
rerpaJl, cowepxKamni A, CepeM OMMH pa3 no yvacTam. OcrTapumiica mocse 
bro HHTerpasl MeHbIve MpOMHTerpMpoBaHHoro yieHa B 2(—‘,z) pa3, HM ero 
WKHO OMYCTUTb (— dy > 1). 

| SHayeHve MpOMHTerpupoBaHHOt yacTH oMpesenseTcaA BepXHUM. Mpeyesom. 
D2TOMY HECKOJIbKO HeOMpeeJeHHbIM BLIOOp HWKHETO Mpesema He CKa3bIBaeT- 
Ha pesyJibTare uwHTerpupopanua. Muterpan J, Take MOXKHO OMyCTHTb, 
iMTLIBAA MAJIOCTh PaCCMaTPHBaeMbIX TOKOB A) (ero OlleHKa MPOBOLUTCA Tak xe, 
iK JIA wHTerpanos J, u J,). Torga 


Bo 
(AXETeS) he 


IIpu —d, > >” ocTaBuiniica uHTerpat, cofepxaliui 4, pa36uBaeM Ha JBa: 
MMH B lIpeqetax (—b~1, —v¢*), ApyroH B npenenax (—¢*,¢,). Bropon 
pterpasl MOKHO OMYyCTHTb, ecm ld, + ¢°*|<1. C neppeim nuterpasiom nocty- 
eM TaK, KaK MOCTYNaM C aHaOrMuHbIM WHTerpaJiOM MpH nomyueHun cop- 
met (10). Torna 


Zh = Zoek + (10) 


Bo Kee 


V2d—wWhF * 
Paccmotpenue cdopmysbt (10) noKa3prBaeT, TO NpH NponycKaHHu OTpHlla- 


‘JIbHOTO TOKA TepBbIi WIeEH B Zp ObICTpO MafaeT, H TaBHYIO pOwlb Torfla 
rpaeT BTOpoH usieH. CocTosHue, Korfa 06a wieHa JaloT OMMHaKOBbIN BKMAL 


(11) 


Ze tae Pe 


—i, 
V 2(1—») (=YVe5) | 


Ucnonb3ya KpaeBoe ycsiopue (6), moujyynM 


4 
> ks = ZooeVks = 


Rene ho 


Av! 
Ko Dower? ie 2 


142 ty 
| Zp V 2(—1+ v) ds i Zh V2 1+) dps 
AK KaK 


Ady = ty (Ys — yk) < toy = tr V — 2 (1 —¥) das < to V2 (1 —v) o <1. 


Ecam ere 29 <ho, TO 


ae i=) (Oa ee 


BprvcsiuM nosiHoe Mafenve HampsxKeHHA dy B pasHbIxX OCNACTHX TOKAa h, 
onpememeTca Tak: 


dn = Ady + Ab’ — $e — MM, 


e Ady — pasHOCTh NOTeHUHAaJIOB B FeJIbMPOJIbIEBCKOM CJIO€ B PaBHOBeCHH, a 

M,— oMmuuecKoe MafeHnve HanpaxeHua. Jina TOKOB h>-—h)o, UCMONb3yA 
0 

paepoe ycsiopue (6) B Buse A/ do = 2e/2e—1, a TakxKe opmyunt (10), (11), 
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TOTyYuM: 


| 

dn = Ado—In| (1+ 2) | ot iS ool 
da = Ade 4 ar chsh 
2(1—v) (4 | 

mie 2h i TIF | ky eee 

bn = AY +4 —In[— (14 A)V2T—9F |, —h<h<e 


Jina ToKop h <—o, HcMOomb3yxaA KpaeBoe ycsoBue (6) B Buse —h/ho+} 

= ef4¥, a Take BTopylo 43 cbopmys (8), MoyyHM 
4 KS 1 2 ell oa 

dn = Ady + In(— 4) — In Poy + In| in? ( | Mr. (I 


99272 
28766 0 


IIpumMepHbiii BUA BOMbT-aMNepHOH XapaKTepHCTUKH, OMpeexeMOH ypaBH 
Husmu (12)—(15), u306paxen Ha puc. |. i ; | 
VisnoxeHHblii pacuer mpoBosusicsa B npesnouoxeHuA — pes < Pp" H 2° <P 


* 0 
Ecum 2Ke JIA KOHTaKTa BbINOHAeTCA ycnoBHe —dys< $", HO Zz > ho, TH 


KaK MOKHO MOKa3aTb, CTYIeHbliE 
BOJIbT-aMNepHOH XapakTepHCTHEE 
cipuraeTcH BleBO K TOKY Ae 
= —h,. Bpicota ee ocTaetca 1 
mpexkHeMy paBHoH ¢*. Cpenanl 
TaHreHC yrJia HaKJIOHa CTYMeHbIE. 
m0 MOpAAKY  BeNHUHHbI paBew 
I/toho, B TO BpeMA Kak B Hes 
BOM cJlyyae OH ONpeyeacaA BI 
gmunnolt «1/2. 

Cnyyal — dp, > >" ABJINeTCH HeMHTepecHDIM. OH MMeeT TaBHYIO BOJIbi 
aMnlepHy!O XapakTepucTuky Oe3 cTyneHbKH. Tam Becb 3cpcdeKT BBINpAMJeH 
racHTcAd HaJM4uHeM Ooslbluoro OObeMHOrO 3apxaya ABIPOK. 

TakHM OOpa30M, pacueT NOKa3bIBaeT, UTO PaCCMOTPeHHbI KOHTaKT OOTM 
JlaeT PANOM WeHHbIX OCOGeHHOCcTeH. | 

IIpu jocratouHo OovbWwOM 3HayeHHH ¢* Hu MepBOHayabHOM OGeHeHE® 
KOHTaKTa 9JICKTPOHAMM BOJIbT-aMMepHad XapaKTepHCTHKa HMMeeT XapakTepHylf 
CTYMe€HbKY C MOUTH BePTHKAJIbHbIM XOJOM KPHBOH HM C OYeHb MaJIbIM 3anlOpHb 
TOKOM. 

CylleCTBeHHBIM HeEJOCTaTKOM KOHTaKTa ABJIAeTCA CyIeCTBOBaHHe CBOeOH 
pa3sHoro mpoOuBHoro HanpaxKennaA >", KoTOpoe NO MOpAAKY BeMUMHbI paBrf 
IMPHHe,3alpeTHOH SOHbI. CyleqOBaTeJIbHO, paCCMOTPeHHbI cmyuait HaNOomy 
MHTepeceH JIA MOJIYMPOBOAHUKOB C WIMPOKOH 3ampenleHHo 30HoH. Bpimpary 
JAIL, CBOMCTBa KOHTAaKTa He NPOABJIAIOTCA MpH NoTeHUMalax by > b* u3-cii 
OoblOrO OOBeMHOFO 3apsfa TbIpOK. : 

Tlonyuennpie B paOoTe pesyJIbTaTbI ECTECTBEHHBIM O6pa30M OGOOUaloTCA Fle 
culyual KOHTAaKTa 2/eKTpOJMT — AbIPOUHI oJynpoBozHuK. IIpu stom Half 
pacueTbl CIpaBeAMBBI, CCIM B 3JIEKTPOXHMMYeCKON peak yYaCTBYIOT TOJIbE 
JbIPKU. i 

ABTopbl BbIparkaioT OjlarofapHoctb usm.-kopp. AH CCCP B. I. Jlesusé 
3a NMoesHoe OOCyKeHne. y 


Puc. 4 


MucrutyT aieKTpoxumun : Tocrynuno \ 
Akalemun Hayk CCCP 6 VII 1959 


UHMTHPOBAHHAS JIMTEPATYPA 


‘10. A. Boosun, B.T. Jiesuu, B.A. Mamanunu, JAH, 124, 350 (1959). 
*10.A.Baopun, B.T.Jlesuu, B.A.Mamaun, JAH, 126 (1959). 3 10.B. Ia 
ckos, b. H. Ka6Gaunos, JAH, 123, 884 (1958). 
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dorsxane Akagemun nayr CCCP 
1959. Tom 129, Ni 4 


PHSHIECKAA XHMHA 
3. 3. BbICOWKHA uw M. B. MOJISKOB 


USMEHEHHE NoPvcTow CTPYKTYPbI CUJIMKATEJIA 
nO BJIAAHWHEM MAPOOBPA3HbIX ®OPMOBATEJIEM 


(II pedcmaeaeno axademuxom A. H. ®pymKunom 138 VII 1959) 


fad B OOnacTH afcopOUnu B SHAYHTebHOM creneHH ONpeserseTcA NOM6opom 
PopOenTos c HanGovlee NOAXOLAMeH WIA TAaHHOH 3ayauu nopucrok crpyKTypon. 
HK BbICHUJOCb B MocHeAHMe TOMI, Ava HEKOTOPEIX mpo6semM, oco6eHHO JIA 
| pieces, CBA3AHHBIX CO cnellMduyeckoH allcopOunelt, He MeHee BaxKHOe 3Ha- 
five umeer XuMHYeCKad IpHposla u cTpoeHue acopOupytouleH NoBepxHOcTH. 
| kam o6pa30M, HeOOxOJUMOCTb paspaOoTKH MU YCOBeEPUICHCTBOBAHHA pa3sJIMUYHBIX 
fiozon UeeHanpaBJIeHHOH peryJMPOBKH aCOpOMMOHHO-CTPYKTYPHbIX CBOMCTB 
PiopOeHToB He BbISbIBaeT COMHeHHH. OHM M3 Hac paHee (*~*) Onl paspa6o- 
1 MeTO, (OpMuUpoBaHUHA NopucTocTu u pesbecdba NOBepXHOCTH cHIMKareneli 
FioMOUIbIO OGe3BOX%KUBAHHA TuAporeia KPeCMHEBOH KUCOTHI B MpucyTCTBUU 
}ooOpasunix BelllecTB pasMuHOrO crpoeHusA. B sTuXx paboTax ObluiM NOJyueHBI 
FHbIC, CBUCTCIbCTBYIOUMe O TOM, UTO HMeETCA OlPeWeeHHaA CBA3b MeXKy 
MUeCCKUM CTPOCHHEM MOJIeKYyJ Tapa-PopMOBaTeIA WM KOHeYHOH cTPyKTypoli 
#ioro cuIMKarenia, WM Obl Mpedvio%KeH MeXaHH3M COpMHpOBaHHA NOpHcTo 
WyKryppi WM CTpOeHHA MOBepXHOCTH CHIMKareisA. Kpome Toro, Oblwio0 Moka3aHO 
UTO CYILCCTBEHHO BJIMATb Ha MOPHCTOCTb CHJIMKAaresA MOLYT HETOJIbKO NOBep X- 
THOAKTHBHbIe BelllecTBa (*), HO T10ObIe COCAMHEHUA, Napbl KOTOPbIX CNOCOOHHI 
P{JIOWaTbCA CHJIMKarewieM, B YaCTHOCTH OeH30J1, TOYO WM KCHIOI. 
1B 1949—58 rr. B 3apyOexKHbIX paOoTaxX, MMeBIIMX WelbIO MpHrOTOBeHHe 
| UnduyeckuxX alcopOeHToB, OblwiIM MOJyYeHbI CuIMKareiH, UsO6MpaTesIbHO 
})OupoBaBlulne Te BelllecTBa, B IPHCYTCTBUM KOTOPHIX IpOMCXOAMa Jernfpata- 
Hit Teel KpemMHeBOM KUCJIOTHI: KpacuTesM pala MeTHopaHxa (°~*), oMMH 13 
HbbI ONTHYecKHX aHTuNOsoB (1°, “), opraHHyeckHe OCHOBaHuA PpxAa nmupu- 
gia ('*). Ha ocHoBaHuu u3y4eHHA aCOpOMMOHHbIX CBOHCTB TaKUuX creluduye- 
IX ajlcopOeHTOB Obit mpejoxen (°,°,°,"*) MexaHu3sM (opMupoBaHnsA CTpyk- 
DbI STUX Tele, He OTMMYAIOUMlicA OT MpeAOARXeHHOrO paHee OJHHM U3 Hac 
14 

Mi 
|B cpasu Cc yCHJIMBLUIMMCA MHTepecOM K 3TOMY MeTOAY TIpHrOTOBJeHUA CeseK- 
IBHBIX ACOpOeHTOB, a TaK?Ke C NMOMbITKAMM BOSPOANTb MpelcTaBseHuA O pe- 
(OWE pOJIM MOBeEPXHOCTHOTO HaTS2KeHHA UHTePMULeIAPHOH *KuKocTU 
DOPMHPOBaHHH MOpucTol crpyKTypbl cunKarena (7°) mpescTaBuso uHTepec 
DBEPUTh NOJIYYeHHble Mperk Je OHM M3 Hac JaHHbIe O BO3MOXAKHOCTH (PopMupo- 
WA CTPOCHHA CuMMKareeH NapooOpasHbiMu HeMOBepXHOCTHOAKTHBHbIMH 
ibMoBatesmu. Hyxke mpHBOAATCA pe3yJIbTaTbI STOTO UCCJIeqOBaHHA. 
Tuaporemb KpeMHeBOM KHCJOTHI NOTyYasIcA OOBITHbIM CMOCcOOOM: MIpHJIMBa- 
ibm pacTBopa CMsMKaTa HaTpUs K pacTBOPy CePHOH KUCJIOTHI, Moce 3acTyqHe- 
UA 30/1 H CHHepesuca PU Aporesb pasviaMbiBasicd Ha KyCKH c peOpom 1—1,5cm 
WTMBIBaJICA OT COMeH BOJOMpOBOAHON BOLO, noAKUcMeHHOH (1 : 5000) cepHoii 
Noro. OrMbiThii ruporetb WemMIcA Ha YaCTH, Ka*K aA U3 KOTOPbIX NOMe- 
Jacb B uauike [lerpu B oTAeIbHOM 9KCHKATOP C HaJIMTOM Ha AHO KOHILeHTpHupo- 
Holi CepHOli KuCJOTON; B 9KCHKATOP CTaBMJICA CTaKAHUMK C AKHAKUM (opMo- 
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JleUJICA Ha [Be uacTH: Oa O6e3BOXKUBAACh B TAKOM KE SKCUKATOPE C KUCIOTY 
HO 6e3 yrvieBofopofa, a BTOpax MpocToO Ha BOsAyxXe B na6opatopuu. Cy 
nposomkKasacb pu KOMHATHOM TemMepaType OKOJIO 3 MeCcALeB. Crpyktyp 
ajiCOpOUMOHHEIe CBOLicTBa NOJ1yYeHHEIX TAKUM OOpasoM cusuKaresiel Us y yah 
MeTOJIOM CHATHA H3OTepM copOlluu MapoB SeHs0ua npu 20 B BaKyyMHOM yc} 

HOBKe c BecaMH Max-boua. I] 
MMON/é JIYYeHHbIe pesyJbTaTb! mpescr 
JIeHbI B BHe H30TeEPM Ha PUCi 
He} 
Kak BugHo u3 puce. 1, nom 
V3OTepMbI COpOLMH NapoB Sexusd 
Ha CHuIMKarese, POpMHPOBaBLg 
cA B napax Gensoua, Hadmofet 
cA mp Oobluux 3HaueHUAX, } 
B cayuae OOpasia, WerupaTuy} 
BaHHOrO B aTMocdepe Toyo! 
elle siepee mo ocu P/P, paci 
JIOKeHb! ajlcopOUMOHHaA MU 
copO6uHoHHaxA BeTBH Hs0Tef) 
ia KcMOMbHOrO rena. Tp 
P/P,; = 1 OeH30/IbHBIH CHIN 
reib cop6upyer 11,8, Toyo! 
Hb 9,4, a KcvOmbHBIH 8,0 mI 
muMoneH OeH301a Ha  rpal 
BLIUMCJICHHBIH 10 H30TepMaM Ti 
oOaqawluh paftuyc nop ret 
paseo 40, 30 u 25 A, coorTEt 
TBCHHO. Kak MOKHO BHJeTbI 


OU 82 OF 04 05 06 G7 G8 09 10 (a) HavaJIbHBIM yuacTKaM U30Tel 
(ee ee ee A 
Q Of 02 03 04 G5 G6 07 08 G9 10) pasJIMUaloTcA TaKKe H BeJINYY 


ae eee yAeJIbHOH MOBePXHOCTH 9THX C 
Dice 
D Of G2 G3 84 B5 86 G7 G8 89 L011) OeHTOB. Takum o6pa30M, Nom 


Puc. 1. Usorepmpi cop6uuu napos Gen3ona mpu 20° erro NOATBep*Klaoresa mpexk: 


Ha CHuIMKarenax, C(pPOPMHpOBaHHBIX B aTMOCcepe 
6exsona (/), Tomyona (J/) u Kcunona (J1/); cnnom- WaHHble O TOM, 4YTO ancopOlM 


HbIe TOUKM — jlecop6una HO-CTPYKTYPHbIe XapakTepHcry 
CHuIMKaresieH 3aKOHOMePHO H3 

HAIOTCA B COOTBETCTBHM C PAXOM @opmosBatTeseh: OeH30N, TOYO, O-KcHIT 
ConoctaBjleHue Tpex u30TepM puc. | c kpuBbimu puc. 2 no3sBouseT O6HAa 
XKUTb, YTO NOPHCTaA CTPyKTypa O€H30MbHOFO, TOJYOJIbHOTO H KCHJIObHOrFO 4 
JieH 3HAYMTCIbHO OTIMYAeETCA OT TAKOBOH B CJIyYae KOHTPOJIbHBIX evel: Kd 
POJIbHEIH OOpasell, OOe3BOKUBABIIMHCA Ha BOSAyXe, ABJIAETCA BECbMa MeJI! 
NOPHCTHIM, a CYIIMBIUMHCA B SKCHKaTOpe Ha cepHOH KucOTOH normont 
TOJbKO 6,3 MHJVJIMMOJIeH OeHsONa H UMeeT NPeoONataoulM paquyc nop ~ 16 
Takum o6pasom, Bce rev, POPMUpoBaBlinecA B aTMOCHepe apoB apomaTYt 
CKHX YIJIeBOAOpOOB, OKasa/iucb TOpasyo Oomee KPyMHONOPHCTEIMH, 4eM KC 
PpOuIbHBIe OOpasilEt. | 
IIpu OObACHEHHH NOJYYCHHEIX PC3yJIbTATOB cylelyeT yyecTb Take, TO, } 
MNOKasaJIM ClelMaJIbHbIe OMNbITHI, K KOHILY POPMHPOBaHUA B NOpax cuuKare. 
HCXOJ\HaAH UHTEPMULeIAPHAA WKUAKOCTh MPaKTHYeCKH MOJHOCTHIO 3aMelllas 
COOTBETCTBYIOUIMM YIJIeEBOLOPOOM, a B CJly¥ae KOHTPObHOrO Tena, O6e3BO 
BaBllerocad Ha CepHOH KUMCOTOH, NOpbl ero B KOHLe MopmMupoBanua O6F 
NyCTHIMH (pH CyllIke B CYINMIbHOM Wkady mpu 150° B Teuenne 22/, uac. 
Tepasl B Bece ~ 2%). B To Ke BPeMA NOPbI KOHTPOMbHOrO Tena, CyWMBIUer 
Ha BO3yxe, B KOHe CYIUKU ObIIH MOUTH WeTHKOM 3anOuHeHbI BONO (moT" 
B Bece ~ 28% mpu cyllke B wWkadpy). 
CpaBHuBad BeMYMHbI JUMObHbIX MOMCHTOB GeH30u1a, TOMyoNAa UH O-KCHIK 
(0, 0,39 u 0,62 ne6an, cooTBeTCTBeHHO), yUpyrocteli ux HacbIIeHHBIXx aj 
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20° (74,1, 22,5 u 10,1 mm), mapaxopos (207,1, 246,1, nu 285,1) u 7. a. 
3aKOHOMEPHBIM H3MCHEHHeEM BeJIMYHH MpeebHO-CcOPpOUMOHHBIX OObeMOB, 
fuycoB Nop M pacnoOxKeHHA HaYabHBIX y4YaCTKOB H30TePpM PaccMaTpHBae- 
nx CHJIMKaresleH, MOXKHO BUJeTb, 4TO CBOCTBa CC(OPMHPOBAaHHbIX reel (Kak 
[pucras CTPykTypa, TaK MU, NO-BHAMMOMY, CTpoeHve NoBepxHOCTH) HaxoJATCH 
onpezencHioti CBA3H CO CTPOeCHHeEM HM CBOHCTBAaMH MOIeKyJ CbopMoBaTesa. 
'MeETHM Tak2Ke, YTO B STO padoTe, Kak H B MpexKHUX paboTax OfHOrO u3 Hac (?), 
W#HHOWeCHHA MpeeJIbHO-COPOMMOHHEIX OObemoB (B cpefHem 0,82) 61u3KU K OTHO- 
PHHAM MOJICKYJIAPHBIX BecOB (opMoBaTesel (0,86). 
| B To Ke BpeMs, TOUKA 8peHHA O PelliaionlelH pom NOBepXHOCTHOTO HaTAKe- 
(A HHTePMULMeIAPHOH 2uAKOCTH pu sopMupoBaHuN NOpucTOH cTPyKTYppI. 
jiuKarenel (*°), OKa3biBaeTCA SABHO™ 
cocrostembHol. TIpaxruyecku ofuna- 2/2 
#)BbLIC BCJIHYMHbI NOBePXHOCTHOTO Ha- : / 
| >KeHUA OeH30N1a, TOMyONa HU KcuNONA £ 
bu 20°, papupie 28,8, 28,5 u 30,0 
HH/CM COOTBETCTBEHHO, KaK BHHO U3 o 

4 


\ 


3YJIbTATOB, He HaXOJATCA HU B Kakoli 

#}13H C 3aKOHOMEPHbIM M3MeCHeEHHeM 
PYKTYPbI ree mpu mepexoje oT G6ex- I 

bata K KcuHusIOy. KocBeHHbIe pe3yJb- 

BiTLI, NOATBepxKAaBuine owM6OUHOCTE 

SMTHKYeMBIX 3eCb B3IJIAOB, Oblwin 


pouaraeM, MOryT CJIyKUTb Oomee mps- o W742 as Uh UF 06 a7 8 G9 0 
JbIM JIOKA3ATEIbCTBOM HelpaBUJIbHOCTH 1/2, ==> 

CM Oe Pont NOK pre 2 Vizotepmbi cop6unu mapos Oexsoa 
2pxHocTHoro HaTsaxKeHud. Mb noma- ypy 20° ua KOHTPOJIbHBIX CHIMKarelax, 
€M, UTO OCHOBHbIMH @aKTOPaMH, OM-  sBbICyUIeHHBIX Hay cepHoli KucnoToli (/) u 
eleAIOuMH co6ol Ty UM HHYyIO Ha Bosyyxe (//) 

oneunylo cTpykTypy cusluKaresen, ; 
ABJIAIOTCA XMMUYeCKAad MpHposa NOBepXHOCTH MULe Tresa KpPeMHeEBOH 
HUCJIOTEI Hi ee KPMCTaOXuMMYecKand cTpyKTypa. IIpupoya nHTepMuLeIApHOu 
IKHJIKOCTH BaxKHa MOCTOJIbKY, MOCKOJIbKy 9Ta 2%KHAKOCTb, B3AMMOJeHCTBYA C JIa- 
WWJIbHBIMM YaCTHILAMM CKUMAIOUIErOcd MPH CyWKe cKeeTa rea, OOYCOBHBAeT 
ly WIM MHYIO CTeMeHb YNOPAMOYeHHOCTH NMOBEPXHOCTHBIX rpynn (HampyMep,. 
HuPOKCHIbHEIX) cKesleTa CHIMKaresiad; Mp STOM HaXxOfAllaaca B nNopax re- 
MA %2%UMKOCTb, POpMUPylOWlad MOBePXHOCTb CkKeJleTa eJIA, TAK CKa3aTb, «IO: 
HBOemy OOpa3sy HU MOsoOnIO», caMa, HECOMHCHHO, HaXOJMTCA B COCTOAHHH, OT- 
[MUHOM OT OObIUHOFO COCTOAHHA TPeXMePHOH XKUAKOCTH. 

| Takum o6pa30m, u3MeHeHve XHMHYeCKON MpHpoOsb u PusuyecKkoro crpoeHuA 
IOBepXHOCTH Mules Tela HU OOpasoBaHue TOM UM HHO NOpHcTOH cTPpyKTypbI 
iB CYXOM CHJIMKaresle MpefcTaBisioT coOoM, Ha Halil B3ria, TeCHO CBASAHHBbIe 
Mpollecchl, NepBbIli H3 KOTOPHIX ABAeCTCA pelllalOulMM UH OMpeseAIOWMM BTOpoOH, 
ak KaK BEIMYMHA KaNWJJIAPHbIX CHI, CTATHBAIOWIMX CKesleT PeA NP CyliKe, 
bupenenserca (np MpoynX PaBHbIX yCJIOBUAX) CTeMeHbIO CMaUMBaHUA NOBepx- 
OCTH TeIH HHTEPMUIeIAPHOH KHAKOCTHIO. 

Kouxperupie JeTaim MexaHu3ma OOpa30BaHHs aCOpOMMOHHbIX MECT TOPO HK 
MHOrO CTPOCHHA Ha MOBePXHOCTH CHIHKareA B HaCcTOAIWee BPpeMA He ACHBI. 
MoxKHO BbICKa3aTb H€CKOJIbKO Oovlee WIM MeHee BEPOATHHIX MpeANoOKeHu Ha 
pToT cueT: 1) alcopOupoBaHHbie Ha MOBEPXHOCTH MUIle/I MOvIeKysIbI POpMOBAa- 
Te B3AMMOJelCTBYIOT C THAPOKCHIaMH STOM MOBePXHOCTH, OPHeHTHPyA UX 
B COOTBETCTBHU CO CBOMM CTPOCHHeEM HM CO3laBat JIOKAaJIbHbIe H3MeCHCHUA TeOMeT- 
puyeckoro pacnosoxKenun OH-rpynn («orneyatku»— cm. (%)) Ha XuMuyecKH 
OHOpomHOl moBepxHocTH afcopOexta; 2) JelicrBue yrvleBofopooB-PpopMmo- 
BaTesell IPHBOMMT K MCCTHbIM H3MCHCHHAM B CTeMe€HH NOKPbITHA NOBEPXHOCTH 
rupokcusiamu (crenenu rufspaTaluu KpemMHesema); 3) POpMOBaTeIb H3MeHsET 
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He TOJIbKO pebed) NOBepXHOCTH, HO M B3aHMHOe Pacros0x%KeHve ATOMOB OOM) 
ruyOOKO JleKallUX ATOMHBIX ClOeB B CTpyKType afcopOeuTa; 4) Ha OTAeJIbHb} 
yuacTKaX NOBepXHOCTH CHuIMKaresat wMeeT MecTO oco6o mpouHad afcopoOur 
MOJIeKYJI POPMOBAaTeIA, He yaHeMbIX MPH OTKAYMBAHHA WIM MPOMbIBaHE) 
CHJINKareIA W BUIMAIOUMMX Ha ero afcopOuHoHHble cBolicTBa; 5) pu KOHzell 
calluH OPTOKPeMHeBOM KHCJIOTHI B MPHCyTCTBHH OpraHHyeckux CopMosBarTede 
He HCKJIOUeHa BO3MO2KHOCTh OOPasOBaHUA NOBePXHOCTHBIX XHMHYECKUX CoeM 
HeHHli MOseKyJI (OPMOBaTeIA C KPEMHE3EMHCTLIM OCTOBOM CHJIMKaredA ax 
pH KOMHaTHOM Temmepatype (cp. (?%)). 


MucrutyT dusnueckol XMMHI Tloctyn110 
um. Jl. B. Ilncap2Kescxoro 1 Vilos¢ 
Axkajlemun HayK YCCP 
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\MHETHYECKMM, COPBLLMOHHbIM WH PEHTTEHOCTPYKTYPHbIM 
METOJAMH 


(ITpedcmaeaeno akademuxom B, HW. Cnuyotnom 18 VII 1959) 
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HKak npaBusio, OXHO TOJbKO M3yYeHHe KMHETHKH MpeBpallleHusA TBepsbIX 
| He ABJIACTCA JOCTATOUHHIM [WIA BCKPbITHA 3AKOHOMePHOCTeH TOMOXHMH4e- 
in poleccoB H MOHHMaHHA UX MexaHu3ma. Ilostomy mpescTaBsANIO HHTepec 
pBECTH MCCIeOBaHHe OJHOTO U3 MpolleccoB WaHHOro THMa HECKOJIbKUMM Me- 
jaMM: KMHETHYCCKHM, COPOWMOHHbIM HM PeHTTeCHOCTPyKTYPHbIM. 
1B KauecTBe ucceqyeMoro TONOXHMMYeCKOrO Mpollecca Obiwio BHIOpaHO pas- 
@KeHue KapOoHaTa MarHHA, MpHroTroBeHue KOTOporO omMcaHO paHee (?). 
B}ITTeHOCTPyKTYPHbIM aHamM3 MCXOAHOTO NOKa3aa, YTO OH cocTouT u3 MgCOs 
puMecbio He GOomee 5% MgCOs-3H20. 
i cculeqOBaHve KHHeETHKH pa3sox%KeHHA KapOOHaTa MarHUs HM COpOIMMOHHBIe 
lepeHuA MpPOBOAMINCb B BAKYYMHOM yCTaHOBKe Ha KBapleBbIX CNMPaJIbHbIX 
ax Tula Max-bona. Kak Opllo ycraHOBJeHO, NpepbiBaHue TONMOXHMMYeCKOrO 
pmecca He OKAa3bIBaJIO BJIMAHHA Ha eFO CKOPOCTb, UYTO JaJIO BOSMOXKHOCTb 
B)CIeqUTb 3a U3MeCHEHHeM YJleJIbHOH MOBePXHOCTH B XOJe MaHHOrO mMpollecca. 
VMcrouHukoM peHTreHOBCKOrO M3yYeHHA Cy Kua TpyOKa BCB-4 c megHpIM 
paom. B-l3nyyeHue He oTdusbTpoBpiBasocb. 3,5 ma MgCOs (ot 3 yo 5 Mu) 
Mellalocb B TOHKO OTTAHYTHIM KaluAp H3 MOMMOZeHOBOrO cTeKsia. Ka- 
IAP, COCIMHEHHbIM C BaKYYMHOM YyCTaHOBKOH, MorpyxKasich B dJIeKTPH- 
rKylO WMJIMHApuyeckylo meub C JBYMA CHMMeTPHYHO pacioJIO%*KeHHbIMH 
BEPCTHAMH JIA MpoxoxwKJeHuA NepBuyHoro Hu AudparnpoBanHoro wyya. 
Ilnocxas kacceta ycTaHaBJIMBaJlaCcb Ha TaKOM paccTOAHMN, YTOOLI Ha peHTre- 
/-paMMe OJHOBPeMeHHO MOTH yowuTbcA 1—2 xapaKTepucTHyecKux OTpa- 
|HMA UCXOMHOM H KOHeUHOH cbaspI. Paspemtenue Tako Kameppr -+-0,02 A. 
PentreHorpamMma oOpa3lla CHHMalacb NO JOCTHKeHHM OMpefesieHHOH ruly- 
Hbl pa3JlOKeHuA IPH TemnepaType TpeHHpoBKH. OOpabOorKa pesywbTaToB 
/OMSBOMIaCb HyTeM CONOCTAaBJICHHA HHTeCHCHBHOCTeH OTpaxKeHHH OT UCXO]- 
HM KOHeYHOL cbasbl M MHTCHCHBHOCTH OTPpaxKeHHA OT MeXaHH¥eCKOH cMecH 
COs-+ MgO, nojwy4seHHot u3 KapOoHata, npoKaseHHoro upu 400°. IIpocue- 
(BAJIOCb W3MCHEHHe MHTeHCHBHOCTU OTpaxeHun MgCOs (112) mu usmenenne 
eHCHBHOCTH ypoluoro orpaxenua MgCOs (120) -- MgO (002). 
| Kak BugHO u3 puc. 1, Bce KHHeTHUeCKHe KPHBbIe He HMeIOT HHAYKUMOHHOTO 
puona. Ha ofHOH u3 KHHeETHYeCKUX KPHBbIX HAHECCHbI TOUKH, NOJIy4eHHbIe 
| JaHHbIX ONbITa NO W3YYeHHIO Pe€HTTeHOBCKOM CTPyKTYPbIl, Np WpoBeweHuu 
Woporo onpeemAICA UM MpOWeHT pa3sowennA. TOUKM XOPOWO yKNaTbIBasIMCb 
| KPHBY1O, 4TO CBHJeTebCTBOBaIO O TOM, YTO PeEHTTeHOBCKOe H3IyYeHHe He 
da3bIBaJlO 3AMeTHOTO BJIMAHUA Ha cKOpocTb mpowecca. IlomyueHHple KpPHBbIe, 
OWeHT mpeppallleHua — BpeMa, OblwIM OOpaOoTaHbl NO AByM KHHeTH¥YeCKUM 


1—(l—a)* = Kit; (1) 
—In(1—a) = Kf, (2) 
© @— Jona mpespaienua, ¢—spema, K — Kxoncranta cKopoctu. Kak 
\ka3aHo B paOorax C. 3. Poruucxoro u O. M. Togeca (*,*), 9TH ABa ypaB- 
HMA COOTBETCTBYIOT JBYM Pa3JIM4YHbIM MeXaHH3MaM Mipolecca. YpaBHenve (1) 
OTBETCTBYe€T MIHOBCHHOMy OOpa30BaHH!O OosbUWOrO UNCsIa 3apO/bIlleH NO 
eli NOBepXHOCTH 3epHa HM MpOABMKeHMIO PpoHTa HOBO (pasbl BHyTpb. Ypas- 
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Henne (2) COOTBETCTBYET IIPOTHBONOMOXKHOMY MpeAeIbHOMy Csyyato, Kora Yeq 
Bce 3epHO mpopacraer JIMIMb OLMH 3apompl. Kak moKasaHo B pyro Half 
pa6ore*, B nHTepBase npeBpamlenult or 0,2 no 0,7 (r. e. or 20 JO 70%) yp 
HeHua (1) u (2) Hepa3M4HMBI. q 
Sueprus aKTHBalluu, pacCuHTaHHasA U3 KOHCTaHT CKOPOCTH yPpaBHeHHA ff 
papua 26 KKas/MOJIb, A U3 KOHCTAHT CKOpOcTH ypaBHeHHA (2) 27 xKkan/Mop 
Takum o6pa3oM, BCJeCTBMe HepasIMYMMOCTH KMHeETHYeCKUX ypaBHeHUl 4 
BO3MOXKHO CeaTb BEIBOL O JH 

es , TMHpylouleH cTayMM aHHOTO TO} 
Me xumuueckoro mpouecca. Toarcg 
WIA peleHHA JaHHOrO BOMpOca # 


mecca pyrumu Metojamu. Ha pu 
npuBeyeHa KpuBad, XapakTepuye 
joulan yBesMueHHe YleJIbHOU 4 
BePXHOCTH B xOjle Mmpollecca fH 
JIOKeHHA KapOoHata MarHua. Ly 
TOrO UTOOBI OLeCHHTb, CBA3AHO 
HaOmofaemoe yBeMueHHe yel 
HOH MOBePXHOCTH TOJIbKO C YI 
JIMUCHHeM YlebHOH NOBepXHO} 
oOpasyrolletica HOBO daspl (Mg 

WIM TaK?Ke C HEKOTOPHIM Pa3pEB 
4 oe oe $040. euem NOBEPXHOCTH HCXOJHC 


Puc. 1. Kuneruueckne kpuBble pa3ioxKeHHA Kap6o- 
y 
HaTa MaruHa (g — KomMueCTBO BbIAeMBIUeCA kapOonara, Cait ae 


yriekuc0Tb! B Mr Ha 1 r MgCOs): a— mpu 320°; ° 
O6—npu 350°; 6, ¢1—npu 375° (¢1.— Touxu, YAebHbIX NOBepxHocTeH oOpa: 


T1OJly YEHHbIC M3 NaHHbIX ONbITa TO M3 yYeHHIO PeHT- Iollevca Yu uCXOAHOK TBepJOu cal 

PeHOBCKOM CTpykTypbl); 2— mpu 425 no dopmywte: Scymm = oS’ + ay 

; rye a’ — MouapHaad oma o6pa} 
rometica MgO; S’— yyenbuaa nopepxuocts MgO np nowHOM mpespalier} 
KapOouata, paBHaa 330 M?/r; a’ — momapHaa OIA OcTaBileroca Hem) 
BpamlenHbim MgCO;, S’’— ylenbHaa noBepxHocTb ero, paBHasn 37 ve 

Pacuer 0Ka3asl, 4TO OT- 
KJIOHEHHA OT a MTHBHOCTU m Ye | 
He Bemuku (oT 10 go 30%). 
SaBHCHMOCTb MOJIAPHOM yjleub- 
HOH MOBepXHOCTH OKHCH mar- 
HHA, nowyuaiuetica  mnpu 
pa3yloxwKeHHH KapOoHaTa mMar- 
HUA, OT €€ KONMYeCTBa (B MO- 
JAP HBIX OAX) UMeeT sHHeH- 
HbIM XapaktTep (puc. 2), uro, no- 
BUMMOMY, CBUJeETeIbCTByeT 06 
OTCYTCTBHM 3aMeTHOLO TepMuue- 
CKOrO ceKaHHA OKMCH MarHua. 


300 


Ananoruunas 3aBUCHMOCTb MO- WY 2 30 W@W H WW W tr 
JIAPHOHW yJl@JIbHOM NOBepXHOCTH G2 04 G6 OB {0 c mony 


OKHCH MarHHs, OOpa3yrollelica : 
M3 OKCaslaTa MarHua, Oplia yc- Puc. 2. Usmenenme cyMMapHolt yAeIbHOH moBepx: 


TaHoBjeHa J[aHeem (‘). ctu (/) w yqenbuol nopepxnoctu MgO (//) B 3aBH 
Kak cnenver u MOCTH OT pas02%KeHHA KapOoHaTa MaPHHA HW MOJIAPE 
TY Sita noma MgO ! 


hae riyOune mpeppailenua 
0 

BESS. Mo 385—40% MexkmulocKoctHoe paccrosHue d ocraetes nocTOAHHEI 

TO yKasbiBaeT Ha TO, YTO B JAaHHOM MHTepBavie Ha oTpaxkeHue MgCOs He HakJ 


* “3 
Jlononuutenbupii cCOopxuk no KaTamusy — B neuaTH. 
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eTcH oTpaxenne MgO. Haunnaa c 35 —40% mpeppailenua, HamoxKeHHe 
wKeHuA MgO Ha oTpaxenne MgCOs umeer mecTo. 

i|Ipu 425° umeer mecro aHaslorm4uHoe usMeHeHue d B 3aBHCHMOCTH OT TIpO- 
fa MpeBpaleHuA. ITO MOXHO NOMbITaTbCA OOBACHUTh OOPasOBaHHeM B Ha- 
Ho Impollecca PeHTreHOBCKH aMopduouK da3spr MgO, nose KpucTassIu3yt0- 
(CH JO pasMepoR, paspelliaemblx PeHTTeHOBCKHM MeTONOM, T. e.>30 A. Uem 
ile TeMmepaTypa, Tem ObicTpee NOIMKeH MpoTeKaTb Mpollecc KPUcTaIIM3ZalluH. 
a puc. 3 mOKa3aHO H3Me€HeHHe MHTeHCHBHOCTH OTpaxkeHua MgCOs (112) 
lexaHuyueckol cmecu MgCOs3s+ MgO, rye, no-BuAMuMOoMy, He MpoucxoguT Os10- 
}OBKa MOBePXHOCTH KapOonata OKUCbIO MarHuA HW H3Me€HEHHeE HHTCHCHBHOCTH 
jaxkenua MgCOs umeer muueiinpili xapaxtep. ToppitenHaa uHTeHcCHBHOCTb 
HaxkeHua MgCOs (112) no cpaBHeHHio C HHTCHCHBHOCTbIO OTpaxKeHHA MeXa- 
1eCcKOH CMecH, COCTOAIMeH U3 OKPHCTaIIM30BaHHbIX KOMIMOHCHTOB, MOKET 
b OObACHEHA HeEMPONMOPMMOHAJIbHbIM pacnpeseseHHeM OM KOrepeHTHOTO 
Ce€HHHUA SHEPrHMH PeHTTeHOBCKOrO yu4a KapOoHaTOM M OKHCbIO MarHHs. 
MTbIBAA, UTO HeKOFepeHTHOe PaccesHMe 3aMeCTHO He CKa3biBaeTCA Ha ome 


Ta6Oauna 1 


MexngocKocTHoe pac- MexnsocKocTHoe pac- 
5 Kou. pas. | croauue ABofHOoro oT- a Kon, pasa. | cTosHHe MBOKHOrO OT- 
T-pa, °C KapOonara, %|PaxeHuAa MgCO, (120)+ T-pa, °C Kap6onata, % |Paxkenua MgCO, (120)+ 
+ MgO (002), d A | +MgO (002), d A 
375 0 2,19 425 0 2,19 
16,5 Py ANG) 53 Prt Gl 
34,0 2,19 64,5 Pas AN 
53,0 FASS) TA © 2,13 
60,5 2,18 77,5 2,13 
70,0 2,17 81,0 Pik 
74,5 2,17 . 
78,0 2,16 
80,5 Zio 
| | 82,0 2,14 


| 

TepeHTHOTO pacceAHUA OT KaxKOFO OKPCcTaNINM30BaHHOTO KOMMOHeHTA, cue 
eT IIPH3HAaTb, 4TO OOpasyloululica KomMmOHeHT (MgO) npu MasbIx mpoleutax 
I3JIOAKEHHA MOUTH He yuacTByeT B KOFePeCHTHOM pacceAHHU, YTO XapaKTepHO 
If PCHTTCHOBCKH aMOpdHbIX (a3. IIpu 6ompuiMx mpouenTax pa3soxKeHua (60— 
\% mpu 375—425°) KoumuecTBO KOrepeHTHO pacceHMBalollero HOBOrO KOMIIO- 
‘HTa YBeCJIMYHBaeTCA MH KPHBaA HHTCHCHBHOCTH KapOoHaTa HJeT KPyTO BHH3. 

Bee cKka3aHHO0e BbIllle NMO3BOJIA€T 3AKJIOUNTb, 4TO OOpa3yiorwanca MgO npu 
WIbIX MPOWeHTaX pa3JIOXKeHHA YaCTHYHO HAXOAUTCA B PeHTTEHOBCKU aMmopd- 
yH cbase, a YACTHYHO OKPUHCTaIM30BaHa. JlonA amopdHOH da3zpl Tem Coble, 
M HW2Ke TeMMepatypa pa3moxeHnua. B pa6ote C.3. Poruucxoro, A. 5B. Mex- 
p u ap. (®) no o6e3B02%KuBaHHIO CePpHOKMCJIOFO MarHHA Taki%Ke HaGwIOLa0cb 
ABJICHHE AMOP@HbIX WJIH CKPbITO KPHCTaMYeCKHX OOpa3z0BaHul. 

Kak BUHO u3 puc. 4, HHTCHCMBHOCTb JBOMHOM JMHUM JIA MexaHuueckon 
fecH BO3PacTaeT C yBeMUeHHeM cOJepxKaHua B cmMecHh MgO. Ouesnguo, 
(OcOOHOCTb OKHCH MarHHA K KOTepeHTHOMy pacceAHHIO BBIlle, YeEM y Kap- 
Hata MarHua. Jina cMecH STHX %e KOMNOHEHTOB, OOpasyioulelica B xojle 
MOXHMMMYeCKOTO Mpollecca pa3sOxXeHuA KapOoHaTa, HaOwmOJaeTcA Mayenne 
ITCEHCHBHOCTH JBOHHOU JIMHUH. 

Ha ocHoBaHHuu 93THX JaHHbIX MbI NPHXOAUM TakxKe K paHee celaHHOMy 
IBOY O CyWleCTBOBaHHH peHTreHoBcKH amopduot MgO mpu maspix riryOu- 
X TpeppaileHua. Crelyer 3aMeTuTb, YTO, HCXOAA W3 aHHbIX TaOn. | u puc. 
MOXHO ObIIO Obl NPeAMOMOHKUT HasMune mceBsoMopdu3sma y MgO, nocty- 
ipyeMOro HeKOTOpbIMu aBTopamu (°). OfHaKO STO HaXOJUTCA B IpOTHBOpedMU 
XapaKTepOM KPHBbIX, H300PaxKeHHbIX Ha pvc. 4, Tak KaK B CJly4ae HasIMuuA 
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TIceBJOMOpu3Ma Ha STHX KPUBbIX JOJMKHbI ObITh YYACTKH, MaPaJVIebHbIC O1} 
aOcliucc, ero He HaGOaeTcA Wake VIA HHM3KHX TemlepaTyp. 

Tlonpiraemcxa Ha OCHOBaHHM JaHHbIX PCHTTeHOCTPyKTYPHOrO aHaJIN3a Bbly 
paTb OJMH U3 ByX paHee yNOMAHYTHIX MeXaHH3MOB TONOXMMMUYCCKOTO MPOUes 
ca. CorjacHo ypaBHenuio (1) Ha moBepxHoOcTH KapOoHaTa MarHus oopasyen| 
MHOTO 3apomputielt MgO, peHTrTeHOBCKH AMOP@HBIX, Me/WICHHO, HO OAHOBPeMel 
HO [popacraroulux BruyOb UM KpHCcTaIMsyIOulMxcA WO pasmepa >30A. Tor,) 


WMHTCHCHBHOCTb JBOHHOH JMHuM (puc. 4) B Hayase mpollecca HOJKHa Malar} 


20 40 60 60 100% Pasnomenue 
PasNOMeHle ———»— 


Puc, 3. Usmenenne untencusnocru orpaxenun PHC. 4, CyMMapHOe H3MeHeHHe HHTCHCHBH 
MgCOs (112) 8 xoge npouecca pasomKenug CTH OTpaxkeHia MgCOs (120) u MgO (00 
MgCOg3: a — mpu 425°, 6 — mpu 375° e— npu 8 Xone mpouecca pasoxenua MgCC 
390°, 2— mexanuueckaad CMecb a@— MexaHuuecKad cMecb, O0— pH 426 

; @—mpu 375, e— npn 320° 


TaK Kak KOPepeHTHOe pacceaAHue OT KapOoHaTa yObIBaeT, a KOTeEPeHTHOe pacce 
HHe OT OKHCH MarHHA He3HayMTeJIbHO B CHY OONbIWON AaMOp@HOH cocTaBJAK 
meh. B Kone mpollecca HHTCHCHBHOCTb ABOHHOH JIMHHM OJ2KHA Pe3KO BOSspa 
TaTb OlarolapA 3HAYHTeEIbHOMY YBeJMYeHHIO WOM KOTepeHTHOTO paccexHH 
ot MgO. Ha puc. 4 9To uw uMmeer ecto. CormacHo ypaBHeHuto (2) Ha nmoBep2 
HOCTH KPUCTaJJIOB OOpa3syeTcH Mamoe uucCIO 3apofbleH, mpopacratoum 
BraiyOb. B sTOM cayuae Ha NOBeEPXHOCTH KpHcTaJIOB OyeT cocTaB, aHaJIorHt 
HbIM MexaHHyeckoH cmecu MgO -+ MgCOs. Sto omxKHO ObWIO Obl MpuBecT 
K TOMY, 4TO HHTeHCHBHOCTb ABOMHOH auHuU (MgO, MgCOs) npu6smmxKanacb 6: 
K MHTCHCHBHOCTH ee JIA MeXaHNyeckoH cMecn. OfHaKO Ha OMbITe TakOrO U3M 
HeHHA He HaOsOJasocb. SaMeTHM, UTO BC€ 3aKOHOMePHOCTH, NPHBeeHHBIe H 
puc. 4, cnpaBeqnuBpl Jo ~70% npeppallieHua, nocme yero HaOmOMaeTca per 
KHH 3arMO KPHBbIX, XAPaKTePH3YIOULMX HHTeCHCHBHOCTb JBOHHOK uHHAU MgO - 
+ MgCOs, cBa3aHHbIM, OUeBUAHO, Cc Mpolleccom KpucTasmM3aunuu. Kak npaBusc 
HM coOmOfeHve WOOOTO KHHeTHYeCKOrO 3aKOHA, XapaKTepHsyloulero cKOpocT 
TONOXHMHYeCKOrO Mpollecca, HaOmOMaeTcH TaKxe Wo 70—75% npespalenus 
TakuM OOpa30M, H3 CYMMBI MOJIYYeHHBIX JaHHbIX IPH pa3soKeHHUN KapOonatT 
MarHuaA B BakyyMe MeXaHH3M, OTBeualOWMH KHHeTHYeCKOMy ypaBHeHuto (1 
ABJIACTCA OONe€e BEPOATHBIM, UCM MCXAHH3M, COOTBETCTBYIOMMH ypaBHenuto (2 


VWuctutyT du3snueckolt xumMuu Tocrynuao 
Axkajlemuu Hayk CCCP 3 VII 1959 


IMMTUPOBAHHAS JIMTEPATYPA 


1T.M.Ka6pospa, M.U.Cuuuunsua, C.3.PoruucKxui, JAH, 124, Nr: 
304, (1959).. .2.¢..3.. PDotranckum, O. Ma sieomeicy Mes. rh CCGR5 Onehinatam 
Ne 4, 475. O. M. Togec, )K®X, 14, 1224 (1940). 4 B. anem, Joxn. kondep. fF 
(pusHke HM PusHKO-xuMuN KaTamusa, M., 1958. ®C.3.Poruucexuh, A. B. llexte 
u ap., JAH, 68, Ne 5, 879 (1949). ° R.J. Razouk, R.Sh.Mikhail, J. Phys. Chem 
61, Ne 7, 886 (1957) 
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Jloknxann Axagemunu nwayr CCCP 
1959. Tom 129, Ni 4 


PHSHYTECKAA XHMHA 


H. A. TOPIOHOBA u B. B. BAPAHOB 


TBEPJbIE PACTBOPbI B CHCTEME AISb — InSb 


(ITpedcmasaeno axademukom A. H. Ppymkunoim 13 VII 1959) 


}OcHoBHpimn SJIEKTPHYCCKUMH TapaMerpamMu, oOnpeeAIOWMMMH _NpHMeHH- 
Tb BelllecTB B OONacTH paHOTeXHUKM VM J/ICKTPOHUKH, ABJIAIOTCA WIMpuHa 
jPpeuleHHOH 3OHbI UW NOABYXKHOCTh HOCHTeeH TOKa. GaKOHbI H3MeCHCHUA 9TUX 
)AMETPOB C COCTABOM B TBePAbIX PaCTBOPaX 3aMeLCHHA HeM3BeCTHbI. OKcne- 


b 
MeHTaJIbHbIe WaHHble, KOTOPbIe JOJMKHBI NOCYXUTb OCHOBOM [Is UX BbIABIIe- 
[, Cle TOJIbKO HaKalJIMBawoT- gg 
OyHako campie amementap- 4 | 
coo6paxkenua sacrapna- 97 
yMaTb, 4TO OJHOH U3 
uOOoIee HHTePeCHBIX CHCTeM 
JPALIX PaCTBOPOB C BBILUe- gy 
'3aHHOM TOUKH 3peHHA AB- 
tea cucrema AlSb — InSb 620 
mlyuae HaJIM4HA B Hel TBep- 


kK pacTBOpOB 3aMelleHus. 610 

‘Upe3ppuaiiHo Bbicokaa mo]- 

KHOCTb HOCHTeseH TOKa y Cee a D 15 % InSb 
)bMAHMCTOTO HHUA, C O]- Ingb 


H CTOPOHBI (NO mnocTeqHHM 

wpim 8 -10°— 10°%cm?/B. cek Puc. 1. Usmenenme nepwoga MeHTMUHOCTH pelleTKH B. 
Sites ayy ‘ 
I 77° K(2)), uo 3Haun- CcHcTeMe AlSb InSb (?): a— ofnotbasuaa o6nacTh; 


Ss 6 — mpyxda3sHad OOacTb; @— OMNbITHbIe AaHHbIe 
bHad WMPHHa 3ampellleHHor 


(pt (1,6 9B) y AHTHMOHM a asIOMHHHA,C pyro, NO3BOJIAIOT HalesATbCA Ha NOwy- 
(Me IIPAKTHYeCKH BaXKHbIX MATePpWaJIOB B CIlaBaX Ha OCHOBe TBePALIX pac- 
\POB axke IPH CPpaBHUTebHO HeOMAaPOMpHATHOM XOJ[e H3MeCHCHHA CBOHCTB. 
(Omuako Bompoc oO cyllecrBOBaHMU NOceqHUX B cucTeme AlSb — InSb oxon- 
ieJIbHO He peileH. MccneqopaHHple JO CMX NOP aHaJIOrHUHbIe CHCTeMBI, Ha- 
umep AlSb — GaSb, InSb — GaSb, umeam B KayecTBe HCXOJHbIX OMHAPHbIX 
NMOHEHTOB BelllecTBa, 3HaYWTeJIbHO MeHee OTMNUYaIOllMecA MexKAy coool 
TemnepaTypaM MlaBJIeHHaA, UCM AHTHMOHMAbI aIOMHHUA u MHAuA. Bonbmasa 
Hula B TeMMepaTypax MaBJIEHHA BeUeCTB, NO-BHJMMOMY, CO3faeT JONOJIHH- 
bHbI€ TPyAHOCTH B OTHOWeHHH TOMOreHH3allMH TBePALIX pacTBopoB. Bos- 
HO, C 3THM OOCTOATEJIBCTBOM CBA3AH TOT PakT, YTO KO CHX NOP NOMBITKH Noy- 
b TOMOFeHHbIe TBEPAbIe pacTBopbI B cucreme AlSb — InSb ue npuBemu Kk 
eCTBCHHBIM pesybTaTaM. JL WuTeAbHbIM OTKUP CHAaBOB (B TeyeHHe 2500 yac.), 
iMeHeHHBIM Bysu u Cmutom (7), He adi BOSMOXKHOCTH KOHCTATHPOBaTb pac- 
PHMOCTb KOMMOHEHTOB B IWMPOKOM MHTepBawle KOHIeHTpallul (cM. puc. 1). 
IM ONBITbI 10 30HHOMY BbIPaBHHBaHHIO MOKa3a/IM HeMpPHrOAHOCTb UM 9TOFO 
Oa Awa cniasos cuctempr AlSb — InSb. 

Vsyuenne pesyJIbTaToB MpefbIMywlNxX UCceMOBaTeNeH UH NMepBOHAYaJIbHbIe 
ITbI, MIPOBeAeHHbIe HAMM, MOKa3aJIM, YTO LIA NOM yYeHUA MOOKUTEbHBIX Pe- 
bTATOB HeOOXOHM OcoOOnIii MeTO, TOMOTeHH3alHH TBEPAbIX PaCTBOPOB 3TOH 
rempl. Hue BKpartile u3viaraiorcd pesybTaTbl paOoT B 9TOM HalpaBJieHHH. 
Ucxogupie Beuectsa (Al, Sb, In) umenu mpumecu He Gostee 0,005%. Cunres 
USBOMMJICA B Tpad:vTOBbIX THIVIAX C KPbILIKAMM, MOMELICHHBIX B OTMAAHHBIC 
PUeBbIe AMMYJIbI, 3aNOJIHEHHbIC CMeKTPaJIbHO YMCTBIM aproHoM. 
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Jia sryulliero nepeMellMBaHUA TIpH MaKCHMaJIbHOH TemmepaType (1 100° 
MpOBOMuach YacoBast BbIepxKKa c BUOpauHeH. Garem OOpasubl NoABepramuc 
3aKaJIKe MOrpy2KeHHeM PacKaJICHHbIX aMIyJI B CoMAHOM pacrBop. Kpucraiuse 
IA MpOHCXOMIa B MOMeHT B3PbIBa HM NOJyYeHHbIe OOpasubl MpecTaBJ AI 
co6oli yellyiiku u o4¥eHb NopucTble Kycouku. MuKxpoctpykTypHoe uccieqOBaHy 
noKa3saJlO HasJIMYMe MeJIKOJMCMepCHbIX TEMHBIX HM CBETJIbIX KPHCTAJJIOB, TOHK 
pacripeleenHBIX pyr B Apyre Cc MUKPOTBepAOCTbIO, UMelOWeH 3HadMTeJIbHBI 
pas6poc B O6acTH 3HayeHui, OM3KUX COOTBETCTBEHHO KaxKOMYy H3 OMHAPHBl 
KOMNOHeHTOB. IIpu pentreHocTpyKTYPHOM HccJleOBaHHH Ha JeOaerpamMMax Bce 
CNaBOB ObivIM MOJyYeHbI Be CHCTeMbI JIMHMH. 

OOpasiibl oTKurasMcb NMpH TeMMepaTypax, MpeBbilwaloulMx TemilepaTyp 
WIaBJICHHA CYPbMAHUCTOTO HHAMA. Ora TemMepaTypa AA pasHbix oOpa3ic 
KouleOalacb oT 540° no 600° C B saBucumoctu oT cocTaBa. Harpes o6pas3i¢ 
Ip oTxKUTe BEIWe 600° MuMUTHPOBasICH BOSTOHKOM cypbMpl.. Omkur mpoBoAusd 
Tak2Ke B OTMAAHHbIX, 3aMOJIHCHHbIX CMeKTPaJIbHO-YHCTbIM APrOHOM aMIlyJé 
ot 120 yo 500 uacos. IIpu 3Tom MbI ucxOAuJIM M3 COOOpaxkeHHA, YTO OEE 
CHJIbHO yCKOpuB udpdy3vio NOBbIINeHHeM TeMNepaTyPbI, Mbl MpeOTBpaTH 
OMaCHOCTh JIMKBU Aan CyYpbMAHHCTOFO MHAMA (UM TBepforo pacTBopa HeOom 
Woli KOHIeHTpalluu Ha erO OCHOBe) TECHbIM KOHTAKTOM TOHKOJMCHepcHbIxX (a 
Pa3JIMUHBIX TIO COCTaBy. 

MccnelopaHve MOJYYeHHbIX CMWaBOB JlaslO cleyIoulMe Pe3yJIbTaTHI. 

IIpu MukKpocTpyKTYypHOM HCCJIeOBaHHH OKasaJOCb, YTO TEMHbIC KPHCTAaJJ 
ucue3JIM, pasOpoc MUKPOTBepOcTH AIA Kak Oro civwaBa CTaJI HEBeEIMK, NO cpa| 
HeHHIO C HEfOMOreHH3HPOBaHHbIMH OOpasiiamu. AGcomOTHbIe 3HaYeHHA MHKD 
TBePpAOCTH MMeJIM MPOMeXKYTOUHbIe 3HAYCHUA MEX Ly 3HAYeEHHAMM STOM XapakT 
PHCTHKH JIA HCXOMHBIX OHHAPHbIX BeUIECTB. 

Ha jeOaerpamMax kaxKoro cnjaBa Oblvia NOwyYeHa OHa cucTeMa 04? 
Hepa3MbITHIX JIMHHHM. Pacuer nepHooB UJeHTMYHOCTH MOKa3aJI, YTO HX H3MeH 
HMA COOTBeTCTBYIOT 3aKOHy Berapya (cm. puc. 1). Tepmuyeckuli aHamu3 Oom 
UYBCTBUTCJIbHbIM K HaJIMUMIO BTOPOH (a3bl, Ye (basoBbilll PeEHTTeHOCTPYKTYPHE 
aHaJIN3, NOKa3aJ1 BMeCTe C HaJIMYHeM 3HAUHTeIbHbIX S*PPeKTOB, THMMUYHIX J 
TBePJbIX PaCTBOPOB, HeGovbiIMe acbdekTHI B OOacTH 500°. 

Oru acPekThl, KAK NOKa3aJIM Halll OMITHI, ObIIM BbISBAaHbI HaJIMUMeM B CHI 
BaX OUCHb HeEOOJbINOFO KOJIMYECTBA SBTEKTHKH AHTMMOHU a HHUA C CyYPbMO 
BpilesieHve U3ObITOUHOM CyPbMbI HeH30eXKHO MPH CHHTese TaKOTO pola cnMaBe 
B rpacPHTOBbIX THIVIAX BCIeACTBMe OOpa3zs0BaHuA KapOuya amiomunna. IIpumer 
HHe KOPyHAMSOBbIX THIvIeH ycTpaHAeT OOpas0BaHHe SBTEKTUHKH. B onmbirax N 
UMeIM JeO C MATepHaslaMH TaKOM YHCTOTHI, YTO NOMyYaeMbIN AHTHMOHUY al 
MHHUA, a TAK%Ke HETOMOeHH3HPOBAaHHble CMaBbl C AHTHMOHHOM HHUA KOp 
AMpOBaJIM Ha BO3Ayxe B TeyeHue 500 yacos. MuTepecHo oTMeruTb, uTO MOmyye 
HbI€ TOMOPeHHbIe TBEPAbIe PaCTBOPbI TOM %Xe YACTOTHI, B OCOOeHHOCTH B OGWAaC; 
KOHWeHTpaluu oT 50% InSb qo GmusKux K 100% InSb, He TompKo He pa3py 
JIMCb Ha BO3AyXe, HO M BbIJePKUBAIM BO3MeHCTBHe BObI B TeyeHHe 2000 aco 

TakuM OOpasoM, pH MOMOWM 3akamKUW MW MocuTexyrollero oTKura pH Te 
mepaType, CyllleCTBeHHO IIpeBblilaioljeH TemMnepaTypy mulaBseHuaA Han6on 
JlerKOMIaBKOrO KOMMOHEHTa, HaM yflaJlOCb NOJYYNTb HEOMpOBep2xKuMOe MO 
3aTeCJIbCTBO CYIeCTBOBAHHA TBEPAbIX PpacTBOpOB B cucreme AlSb — InSb 8 mw 
POKOM HMHTepBasle KOHUeHTpalluu. 

JlabHelitieH s3alauel ABAAeTCA JeTalbHoe ucceqoBanue JMarpaMMbl ¢ 
CTOAHHA CHCTeMbI NOyYeHHe elle Oolee YMCTHIX TOMOFeHHBIX M MJIOTHbIX OOpé 
I0B CIIaBOB JWI MpelM3HOHHOTO HCCeOBAaHHA 9JIEKTPHYeCKHX CBOHCTB. ) 


@usuKO-TeXHUYeCKHH MHCTHTYT ; Ilocrynuso 
AxkayemMuu HayK CCCP 22 VI 1959 


UWMTHPOBAHHAS JINTEPATYPA 


1K. HW. Bunyorpagosa, B.B.Tanapanosu gp,, @Mu3ukKa TBepyoro Tea, 

eee (1959). 2 J.C. Wool Ney, (Be Ags met tie sproc: Phys. Soc., 72, Ne 464, 
58). 
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Hokxnane Akanqemunu nayrx CCCP 
1959. Tom 129, Ni 4 


PHSHYECKAAH XHMUA 


r. A. EMEJIBAHEHKO wu E. §. BAMBAPOBA 


IJEKTPOOCADKAEHME MEM HW KAJIMMSA HA TBEPbIX 
JIEKTPONAX TPM 3AMAHHbIX BbICOKMX MJIOTHOCTAX TOKA 


(ITpedcmaeaeno axademukom A. H. Ppymckunom 18 VII 1959) 


iB padotax B. A. Polirepa u corp. Ha OcHOBaHMM aHasiM3a 3aBHCHMOCTeH 
eHIMaJI — BpeMA BilepBble OblwiH MOJYYeHbI SKCMePHMeHTaJIbHbIe MOKa3a- 
bCTBa II[PHMCHHMOCTH TeEOPHH 3aMeVJICEHHOrO paspAya uoHoB (*) K mMpolleccaM 
AHOrO BbIAeeCHHA MeTaJIJIOB Ha TBEPAbIX SeCKTPOMaX MPH OYeHb MaJIbIX 
THOCTAX TOKAa (°). 

B STUX YCJIOBMAX, OAHAKO, CHJIbHO CKAa3bIBaeTCA BIMAHMe KaTOAHOH mMaccuB- 
WH, 3aTpyHAlollee MpOrepKy KHHeTHYecKHX saBHcuMmoctTeH. Ilo MaHHbIM 
M. Tusabcona (*) npu HeOoubWwMx MIOTHOCTAX TOKa Mpollecc UeT Ha aKTUB- 
< yuacTKaxX MOBepXHOCTH, COCTaBJIAIOWUX Bcero 3—10% or o6uleli ee BeuH- 
bi. TObKO IPH BEICOKMX MVIOTHOCTAX TOKa pa3pA MOHOB MeTasJa JomKeH 
Hucxo nur lipakTHyeckH MO BCeH NOBePpXHOCTH TBeporo IIeKTpPOa. 

Tos QJIEKTPOJHbIX MpOWeccoB Mp BbICoKUX MoTHOcTAX ToKa II. Jlenaa (*) 
} 

| 


Pyrve aBTOpbl, HCXOZA M3 ypaBHeHHH 3amMefeHHOrTO pa3payla HM HecTallHo- 
HOH Jubpysun, mpeiokKuH KpuTepu Aa pasrpaHu4eHuaA KOHWeHTpa- 
jinot HM SJIeKTPOXHMMYeCKOH NOMAPH3allu, a Tak%Ke MeTOR OMpeseieHua 
JeTHYecKUX TapaMeTpoB  mpollecca 

CTAHTbI CKOPOCTH pa3pAya u KO9)- 
KMeHTa mepeHoca a). Jima 9Toro uc- 


|bsyeTCA 3ABMCHMOCTS lg [1 5s. (=)" 


jr; Tae T— mepexofHoe BpeMa, Lae Puc. 1. Ocuuanorpamma Ao — t ana 0,05 
MA INEKTPOJIH3a, @ — TOTeHUHaJl M CdSOa4 + 0,5 M NaeSO4 pu ie 
Tpofa. =8 ma/cm? (1 MM mo OCH BpeMeHH paBeH 


\laHHpli MeToy Obiul MpHMeHeH B M0C- 1 cek., 10 ocu nomapusaiun 80 mB) 
jHee BPeMA JIA U3yYeHUA 9eKTPO- 
DKIICHUA psa MeTaJJIOB Ha TBePABIX a1eKTposax (*). HegqocrarKom sToro Me- 
ja, lO I1PH3HAHMIO ABTOPOB €f0, ABACTCA H3BECTHAA HeEOMpeeeHHOCTh B Ha- 
JeHuu T W3 KPuBEIX P — ?, CHW KAalOUlaA TOUHOCTbh ONpeeseHuA CTeeHU 
OpaTumMocTu M KMHeETHYeCKUX NapaMeTpoB Mmpollecca. , 
Jia pasnmueHua SneKTPOXMMMYeCKOH HW KOHMeHTPalMOHHOH NosApHsalluu 
bINyIO WeHHOCTh JOJKEH TpeACTaBATb MeTOA oMpeeeHHA 3aBMCHMOCTH 
oT i MPH NMOCTOAHHBIX 3HaYeHUAX @ (re i — MNOTHOCTb TOKa). OTOT 
of BBen JI. E. Duper, ucxoda, mpaBya, 43 HeCKOJIbKO POpMaJIbHOrO paccMoT- 
(MA PASNMUHBIX WpeAMoMaraeMblX 3aBHCHMOCTeH KOHCTAHTbI CKOPOCTH pa3- 
la oT noTeHitMasia aekTpona (°). Hecmorpa Ha CBOM MmpeuMyliecTBa, MeTOy 
UX NOp He NOsy4MJ CHCTeMaTHYeCcKOrO NPMMeHeHUA M PasBUTHA WIA Mpolec- 
; SIICKTPOOCaKLeCHUA MeTAaJJIOB Ha TBEPAbIX 3IeEKTPOMaX MPH BbICOKMX MJIOT- 
TAX TOKa. Mex Ly TeM HeLOcTaTOUHad U3SYYeHHOCTh 9TUX MpPOWeccOB TOPMO3SHT 
€PUIeHCTBOBaHHe MMEIOUMXCH M paspaOOTKy HOBbIX TeXHOJIOPM4eCKHX Pe- 
MOB 3JIEKTPOJIMTHYECKOFO MOJYYeHHA KOMMAKTHBIX M MOPOWKOOOpasHbIX Me- 
WJIOB. 
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Jlanuaa padota cTaBuvia CBoel 3aa4ueH BbINCHUTh NPHMCHHMOCTb ee 
KHHeTHYeCKUX YypaBHeHHii 3aMmefieHHOrO pa3pafla M HecTallMOHapHOH JM 
dbysuu K MpolleccaM SvleKTpoocaJenuA MeAM HM KaMMA Ha OHOMMCHHBIX TBE 
JlbIX 9/IeKTPOMaxX NPV 3aAaHHbIX BHICOKUX MOTHOCTAX TOKAa. M3yyasucb pacTBof 
CepHOKHCJIDIX COJel STHX MeTaJIJIOB C LOOaBKOM usObITKa J/eKTPOMPOBOMAIMe 
bona mpu Temnepatype 18—20°. 


o 


Ilpu KOHWeHTPalHOHHOH noApHsaluu, OOycJIOBJICHHOH 3aMe]VICHHOCTE 
auddy3uu WHOHOB MeTaJlJiIa K MOBepXHOCTH KaTO 


ifthe — 1) o2F rl D*'h-Co [l es e—2PAg/RT | nee . 


| 


rile Co — KOHIe€HTpalluA HOHOB MeTaJisia B rsy6) 
He pactBopa, D — kospdpulivent Wudpy3suu MOH 
metasua, Ap —nonaApHsalnA aeKTpona. | 

IIpu Ag > 0,1 B skcnoHeHUHabHBIM cJlaré} 
MBIM MOXHO IIpaKTWYeCCKH MpeHeOpeyb, TO [al 


«32 1 2 1 
ith) /ehyCon ( 
B jjaHHom cyryyae it~ He 3aBucuT oT i u Ag. | 
[lpu dJIeKTpOXHMMYeCKOH NOJApH3alMH, Mp! 
TeKaIOULeH MPH KOHILCHTPallMOHHbIX H3MCHCHHAX | 
aJIeKTpOLe, | 


AM joe u # 
it’? =1/.2Fr "Dc, | ee ee ae | 
R1Co 


re p—paBHOBeCcHblii MOTeHIHa as1eKTpos] 
ky = keWo/RT (k— KoHCTaHTa CKOpOcTH pa3psJ 
W >— 9HeprHua akTHBALHH Npowecca npn y =0). IT) 
3TOM llpefMmosaraercA, uTO TOKaMH 3aps2KeH! 
ERROR PAS ar ga ee M MOHH3allMH = =MeTaJIa Mom! 
+-0,5 M Na,SOa (0,25 s); UP peub, a paspay, HOHOB MeTaJa NOLYHHAG 
2—'0,1M CuSOa+ 0,5 M CA KMHeETHYeCKOMy YpaBHeHHIO peakluii nepBo| 
HeSO4 (0,40 3); 3— 0,2M nopsyka. B 9Tom cutyyae it’? nuHeHHO yO6plBaeTy 
CuSQ4 + 0,5 M H,SOa(0,408) pBospacranuem i npu nocrosHHoli Ag u yBenny 
BaeTca c Ag lipH WaHHoM i. ; 
IIpu focraTrouHo BEIcCOKUX ky wu Ag SKCNOHEHUMANbHBIM uneH (2) craHoBE 
Ci OUCHb MaJIbIM, MU COOTHOWeHHe (2) MepexomuT B (1), Korya ocyilecra 
eTca JudPy3HOHHbIM KOHTpOJIb mporecca. 
Tlonyuennble HaMH OMbITHBIe JawHble Mid MeqH M KaJMMA corsacylon 
C STHMH 3aBHCHMOCTAMH. 4 
Ha puc. | npeycTapjieHa na mpumMepa ocunssorpammMa Ag—t ***, 
puc. 2—rpatpuk saBucumocry it’? or i wu B Ta6s. 1 —s3HaueHua if? mo 
Pa3JIMUHbIX NMOUAPH3alMAX KaTOa [IX HEKOTOPHIX W3 HCCeMOBAHHBIX Ha! 
3JIEKTPOJIHTOB. | 
JleficrsuTeJibHO, B corsiacuy c (2) Benmununi it’? jMHelHO 3aBucaT oT i ** 
M BO3pacTaioT C yBenMyeHHem Ag. OTO BospacTaHue MpoucxosNT Wo onpenen€ 
HOrO lipeseia, BbIpaxkaeMoro COOTHOMEeHHeM (1), urO NoATBep»xaeTes pacueta’ 
KOS*PPUILMeHTOB updysHH MOHOB MeqH UM KaMMA Ha OCHOBAaHHH ucnoJ 


é:107 


Puc. 2. Tpaduk saBpucuMoctTu 


* Ota 3aBHCMMOCTb BbITeKaeT M3 OOMeEN3EeCTHOrO BEIPAKeHUA Ja KOHIUCHTpalvoOHHoH | 
JsipusalvMH WM ypaBHeHHA HeCTallMOoHapHol Audpysuu Canya — Jlesuua (7). 
** CooTHoulenve (2) ABsIAeTCA CeACTBMeM COBMeCTHOrO pelleHHa ypaBHeHHH 3ameneHHi 
paspaiqa HW HecTalMOoHapHOH Audpy3un. ( 
“S* CremKa OCHMIOrpaMM MpOM3BOLHach C NOMOMbIO ocLMOrpada MIIO-2 , 
*#** OTKOHEHHE OT HHeliHOl 3aBucHMocTH if !? or i MpOMcXOAMT pH BcTyNNeHUH B ZelicTI 
KOHBeKUMH, T. €, MPH TakUX 1, Kora BPeMeHa JOCTHKEHMA ONPeAeTeHHOM NoAApHsaluU SN1€KT} 
Ha BeMKH. ITO MOxeT ObITb HIOCTPHPOBaHO NyHKTHPHBIM OTpe3KOM KpHBoH 3 Ha puc: 2 
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HMA MpeeNbHbIX 3HayeHHi it’, Tak, Hanpumep, gan 0,05M Cd*t Ip 
H— 0,45 B  itt~0,024 a-cm?-cex” uv D~0,78-1075 cmM?-cek?, 4To 
acyeTcH C BeJIMuHHaMM D, HalijeHHbIMH ~pyrumu merogamu. Jina mean 
WWeJIbHbIe it’ JocTuratorcA mp 6o- 
 BBICOKHX MNOJIApH3alluAX KaTosa, 
| AJA KallMus, 4TO BbI3SBAaHO Oovlee 3nauenua it’/?.103 (a-cm~2- cex /?) pu 


TaOanna 1 


¢OKOH HeOOpaTHMocTHIO Mpouecca. Pa3JIMYHBIX NOMAPH3aNNAX KaTONa 

HTToayseunie pes3yJIbTaTbI ykKa3bl- 

pr Ha BO3MOMKHOCTb HCNOMbSOBAHHA Ag, B 

Hunnorpapun Ag—t Ha TRepgom £10" |— 

IKTpofe IA oOmpexenenua Koadpu- - 0,25 | 0,30 | 03° | 0,40 | 0, 45 

HHTOB updpysun. eee 2 

(Ipu Magix ¢, jocTaTouHpix jaa 

: , 4TOObI MOXKHO ObIIO BeMUMHOL OOSMICES Oars 10M Na250 
1 YoD)'/2 8,0 De) Ba 29 — 2B) 

(No cpaBHeHMio C ‘/9zFr Co 8.5 18.1 34 53 93 | 93 

\KTHUeCKH TpeHeOpeub, ypaBHenue 

| M€pexOAHT B 3aBHCHMOCTb 

| Ag, B 

| 2,303RT : £-10°, 

ie? — const |e gt, Se la G0 | 0,50 | 0,60 | 0,70 

‘Opad MOXer?T ObITbh UCMOJb30BaHA MIA nt 

pejleeHua KosctbuuNeHTa MepeHoca a. 0,2M CuSO4 + 0,5M H2SO4 

Ha puc. 3mpencrapneHrpaduk 3sapu- =. 29,5 83 | 89 | 93 93 

octu Ag or Igi ana 0,05M CdSO,+ 30,0 82 88 95 95 


i),5M Na,SO, (npn t~0,02 cex.). 


|. BelMuHHa O6lM3Ka K «=0,08, onpegeneHHol MeTOZOM (bapayeeBcKo- 
HBBINIPAMJIeHHA JIA paspifqa wMonop Cd ua Hg B mpucyrcrBuy K,SO, (°). 
i TakuM O6pa30M, M3 BbIMOJIHCHHBIX OIIbITOB MO2%KHO 
3aKJIOUNTb, YTO MpOMecchl SIeKTPOOcaxKeHHA Meu 
HW KaiMHA 3 HCCMeOBAHHbIX PaCTBOPOB MPH BBICO- 
KUX IVIOTHOCTAX TOKA& MPOTeKalOT B YCJIOBMAX He 
TOJIbKO KOHICHTPalMOHHbIX, HO HM 9dJIeKTPOXHMNUe- 
CKMX H3MeHeHHM Ha TBePAbIX SIeKTpOax. K au- 
HEIM MpolleccaM MpHMeHMMbI KMHeTH4eCKHe yPpaBHeHuA 
3aMeJICHHOFO paspxAja HW KOHIeCHTpalMOHHON NOApH- 
sauuu. Tipu cmellieHHH MOTeHIMasla B OTpPHlaTeJb- 
HOM Hanpapsenuun (puc. 1), o6ycoBeHHOM o6e,- 
HeHHeM IIpukKaTOAHOrO CJIOA PaspA*KalOllMMUCA UO- 
HaMH MeTaswia, OCYIecTB/IseTCA OBICTPHIH Tepexoy 
OT 93uIeKTpoxHMuYecKOrO K udipy3HOHHOMy KOHT- 
Puc. 3 powio mpotecca. IIpu 9TOM, KaK MOKa3bIBaloT HaOJIto- 
Te@HUA, UpOMCXOMUT Take Nepexof oT ocaxkenuA 
MMakTHOTO K BbIJe@sICHHIO PbIXJIOrO OTJIOKeCHHA MeTAaNa Ha NOBepXHOCTH 
HKTpojla. 
1 J,Hemponetposckuu rocyapcTBeHHbIlt yHHBepcuTer Ilocrynuo 
jum. 300-eTHA BoccoequHeHud Ykpanubl c Poccuert LO MV e959 


BEY 


manmrige 


af 
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Jloknayp Akagemuu nayk CCCP 
1959. Tom 129, Ne 4 


PHU3HYECKAA XHMH. 
fi 


fl. B. KO3JIOB, A. EHJPbIXOBCKAS wu akazemuk B. A. KAPIHH 


UCCJIEMOBAHHE TEMIMEPATYPHbIX MEPEXOJOB 
B CAHTETHYECKHX MOJIMMEPAX C DKECTKHMM WETAMH 


M3pecrHoO, 4YTO B 3aBHCHMOCTH OT XHMMYeCKOTO CTPOCHHA MOJIEKYJIAPHE 
ueneli OIMMepa HM BbITeKalolleH M3 2TOTO HHTCHCMBHOCTH B3aMMOJeCHCTBI 
3BCHbeB Ilerel, NOMMMepbI MOryT OG/lalaTb pa3M4HOM cTemeHbIO FHuOKOCT 

TlopeqeHue nomuMepos c rHOKMMH WensaMM, H B YACTHOCTH UX TeMMepaTyPHI 
mepexOJbl, ACCIeEOBaIOCb AOcTaTOUHO NOLpoGHO (*~*%). OnHUM u3 Hac MCCJIeEOE 
JIMCb TaK2Ke TeMMepaTypHble MepexOAbl HU TAKOFO 2XKecTKOMEMHOLrO MOJMMepa, K 
KOBbIM ABIAeTCA HUTpOlemto03a. Jian sToro OHa MulacTHpuuMpoBaslach 
TeMUepaTYPHble MepeXOAbI Obi H3yYeHbI B 3AaBMCHMOCTH OT ee MOJIEKYJIAPHO 
Beca (4). [IpeqcraBsaio HHTepec HCcIeAOBaTb TeMMepaTyPHble MepexOAbl TAKA 
B CHHTeTHYCCKHX XKCCTKOUENHBIX NMOJIMMepaX, MOCKOJIbKY 9TH UCCeqOBaH, 
mpeAcTaBAtoT OObUWIOH IpakTHYecKHH UHTepec, TAK KaK CBA3AHbI C MeTOJaM# 
yCJIOBAAMH UX TEXHOJIOrTMYeCKOH Nepepadorknu. 

B kauectBe TakoOro MOJIMMepa MbI OCTAHOBHJINCb Ha NOJIMMOUeBHHE, Xapak 
Pu3yIOUleHcA 2eCTKOUeMHbIM cTpoeHveM ee MOeKy. [lomumMoueBuHa Tort 
Jlacb Me€TOJOM MOJIMKOHJeHCauMu Ha rpaHulle pa3sqena AByx da3. QToT Met 
C yciexXOM NIPHMeHAeTCA VIA CHHTe3a PAJa MOJHKOHJeHCaUMOHHbIX BbICOKON 
JI€KYJISpPHbIX coequHeHuH (°,°). II[puHuunm ero 3aksiouaetca B uddy3sHoHH 
TOPMOXKeHHH PeakUHH NOJHKOHAeHCaluu ABYX PpeakUHOHHOCNOCOOHbIX OudyH 
IMOH@JIbHbIX MOHOMepoB. Jluddy3voHHOe TOPMO*KeHHe OCYIIeCTBIAeTCA Tpak 
we pa3syesa TByX HeCMelIMBalOWINXCA %KHAKOCTeH, B KaxKAOU U3 KOTOPHIX Pi 
TBOPe€H COOTBETCTBYIOLWHH MOHOMep. IlosuMoueBuHa MOJyYasacb MO 9TOMY } 
TOY H3 docreHa, pacTBOpeHHOrTO B OeH30UIe, H TeKCAMeTHJIeHTMaMMHa, pact 
PeHHOFO B BOJe. OmyJIbraTopoM cayxKus 7%-H pacrBop OsleaTa HaTpHA. 

IIpopeqeHHad CepHA ONbITOB NO CHHTe3y MOJIMMOYeBHHbI NO3SBOMAa Hall 
ONTHMaJIbHbIe YCIOBHA JIA MOJIyYeHHA BbICOKOMOJIeKyJIAPHOTO mpokyK 
OTH YCJIOBHA TaKOBbI: peak, MPOTeKalollad MPHOBeHHO MpH KOMHATHOH TE 
nepaType, IPpHBOAMT kK OOpa3s0BaHHlO BbICOKOMOJeKYJIAPHOTO MpOAyKTa TOME 
B TOM cJlyyae, ecuH B 15%-i BODHBIM pacTBOp rekcaMeTHJIeHMaMuHa BBeIE 
cola WH NOBapeHHad CO/Ib JO HacbilleHua pacTBopa. BpinaBllui u3 «HIE 
CHCTEMBI MOJIMMeP OT*PUJIbTPOBbIBAJICA, THLATCJIbHO MPOMBIBaJICA BOZO UH BBI 
umBaica. Tlomumouepnna npesctaBisasa co6ok Sempit nopomoK, coBepler 
HepaCTBOPUMbIM B OObIUHbIX OPraHH4eCKHX PaCTBOPHTeMAX, KPOMe KPesoué 
MypaBbuHow KkucanoTH. ITlomuMoueBuHa HaOyxaeT B JuMmerncbopMaMH 
cbypdypu0Bom cuupte u nupHAuHe. Jina Bpllenenua cbpakuuu c Han6oumbw 
MOJICKYJIAPHbIM BeECOM MOJIMMOYeBHHA PacTBOpAacb B Kpesome u ee 0,2% 
pacrBop PpakUMOHNpOBaJICA MeTOJOM OcaxKJeHHA JM9THJOBLIM atbupom. Ms pe’ 
reHorpauyeckux H BIeEKTPOHOrpaduyeckuX JaHHbIxX clekyer, YTO NOsyUeHE 
yka3aHHbIM M€TOJOM MOJIMMOUEBMHa, ABJIAACh AMOP(HBIM MPOAyKTOM, XapaK 
pu3yeTCA BbICOKOYNOpALOYeHHOH CrpykTypou (puc. 1, cM. BKuleliky K cTp.7 
HcceqoBaHne TepMOMeXaHH4eCKUX CBOHCTB MpOkyKtTa Ha uHamMoMerpuyeck 
Becax C llepeMeHHOH HarpysKou (') xapakTepusyerca npaMolt 3aBNcuMmoct 
jeopMalluu OT TemMepatyppi (puc. 2, /), NOKa3bEIBalollell, Yuro MOMUMOUeBI 
BIVJIOTh LO TeMMepaTyPbI Ce PasOXRKeHHA HAXOMMTCA B CTeKOOOPa3sHOM COCT 
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jm. B uuTeppane Temnepatyp 230—300° nacrynaer mocreneHHoe xumuyecKoe 
BOKeHHE OOPasila, NO-BHAHMOMY B Pe3yJIbTAaTe OKUMCUTebHOL TecTp yK- 
i . OOpasell B mpomecce ucnbiraHnA mpuoOperaer ryOuaTylo cTpykTypy 4 
yIvIMBaeTca. 
Kak u3BecrHo, miacrudukaltveli xecTKOMenHbIX NOMMepoB yaeTca cyule- 
3CHHO NOHH3HTb TeEMNepaTypbl HX NepexoOOB, TO U ObIIO HAMM UCMOJIb30BaHO 
PTHOWEHHM NOMMMO“EBHHDI. Bpwio mpuMeHeHO J{Ba MpHema mvacTuduKalun: 
MACTHUKALAA = HOJIMMOUBHHbI 
h THMH NOJIMMepamMu c rHOKHMH 
AMM M MvlacTudukalluaA HU3KO- 
€KYJIAPHBIMM BelllecTBaMH, pac- 
DpAIOWMMU MpoxyKr. B- kKauye- 
Be MIaCTHMULUMPyIoulero -nOTu- 
pa Obl MCnOMb30BaH conowH- 
KalpoJlakTaMa Cc TrekKcaMmeTu- 
H{HaMHHOM HW aXWMMHOBOH Ku- 
pro (1 : 1); B KayecTBe muta- 
h®ullupytouleh Hu3KOMOJeKy- 
PpHOH %XuAKOCTH m-Kpesou. 
|PMOMexaHuyeckHe CBOHCTBA HC- 
JHBIX TOJIMMePOB MH UX CMecel 
MBeJICHbI Ha pve. 2. Oru Janupie 


/KasbiBaior, YTO MPH COOTHOLe- Puc. 2. TepMomMexannyeckve kpyBble: J — nowH- 


f MOUeCBHHBI; 2— conouHMepa (1:1); &— cmecb 
ie NOJIMMOMCBMHBI HW COnOJIH- MIOJIMMOUCBHHE! C CONOJIMMEPpOM TIpH COOTHOLeHHH 


pa 1: 1,6 (puc. 2, 3) ynaerca 1 : 1,6; 4— npn coornomennn | : 4 

U3NTb JO yYpOBHA HH Ke Temme- 

iTypbl XMMMYECKOTO Pa3/IOAKEHAA MOJMMOYEBUHEI NO CyUeCTBy JIMIIb TeMMe- 
ypy mlepexojla B BA3KO-TeKy¥ee cocTosHHe. YBemH4YeHHeM JOM conouH- 

Hpa 0 75% oT Beca cMecH yJalOcb OGHapyKUTb OGe TeMMepaTypHbIe TOUKH 

IpexoNoB: TemnepaTypy Teyenua 7, u TemnepatTypy crekoBaHuA Te. (puc. 2, 

4). IIpu Taxux 6obuwiMx KoNMYeCTBaX COMOHMepa 


50 100 150 200°C 


WAL B CM€CH C NOJIMMOUeBHHOU TIaBHY!0 PpOJIb B MIpOABJIe- 
“10 HHH OOHaPp yXKCHHbIX TepMOMexaHHdecKH xX CBOHCTB 
| 0 cMecH HrpaeT, eCTeECTBCHHO, COINOJIMMePp Kalipo- 


JakTaMa C reKkCaMeTHJICHAMaMHHOM HM aJMMHHOBOH 
KUCIOTOH. OnHako muacTudulupyrwuulee JelcrBue 
COnOJIMMepa Ha MOJIMMO“EBHHY MOXHO BUeTb 43 
2050 COMOCTAaBJICHHA TePMOMeXaHHYeCKUX KPHBbIX UMCTOM 
MOJIMMOUeBHHbI HW ee CMeceH c conomMMepom. Ecuu 
: Obl SABMeHHe MvacTHuKaluu OTCYTCTBOBAJIO, 
T, BceH cmecu He Opiia Obl OOHapyxeHa. V3 no- 
50 100° JIYYCHHbIX JAHHbIX MOXKHO CeaTb HW Apyrouw Bb 
BOM, 3aKsIOUaIOWIMHcA, NO-BUHMOMY, B BO3MO2KHO- 
c. 3. Tepmomexanuyeckat cry poOBpIeHHA XKeECTKOCTH THOKUX MNOMHMePHBIX 
HMBaA MOJIMMOYCBHHBI, IlJla- 
houumposannol Kpesonom MATepHanoB fyTeM BBefeHHA B HUX 3aaHHbIx 
KOJIMYeCTB CMCUIMBAIOIMxXcA C HMMM KecTKOLlen- 
HbIX MOJIMMePHbIX MpOAyKTOB. 
VUcnonp30panue MeTowa muiacTudukaluu NOJIMMOYeEBHHI HA3SKOMOJIeKYJIAp- 
IMM BeLleCTBaMH BCTPeTHO OoObUIMe TPpyAHOCTH. Onn CBxH3aHbI C TEM, YTO 
CTBOPMMOCTb 3TOTO MOJMMepa BeCbMa OrpaHwyena Jake B kpesoule, MPHYeM 
NOBbILWeHHeM TemmepaTypbl pacrBopuMocTb pacter. IlosTomy mpuuinocb uc- 
JIb30BaTb HeCKOMbKO HeOObIUHbIM MeTOX MvacTHpuKalMn NOJIMMOUeEBHHE, 
10M JIMIb KavecTBeHHY!O XapakTepucTHky ABeHuA. Jia 9TOK Wem Ta6- 
TKa NOJIMMOUCBHHbI NOMellaacb B aJIIOMHHMeBy!O Yallleuky, HallOJIHeHHy!0 
e€30JIOM, BbIepxKHBaNacb B TAKOM COCTOSHMH B TeveHHe 4 Yac. M MCIIBITBIBA- 
Cb B TOM Ke YallleuKe C KPe30IOM Ha JMHaMOMeTpHuecKHX Becax. PesybTaTbl 
NbITAHUA, NPWBeeHHbIe Ha PU. 3, OMHO3HAYHO LOKAa3bIBaloT acpdekT muiacTudu- 
lu mouMMoueBHHEI Kpesosom. Ilosy4eHHble SKCIIEPHMeHTAaJIbHbIe JAHHBIC 
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MOKa3bIBaloT, YTO JIA %KeCTKOWeMHbIX CHHTCTHYCCKUX MOJIMMePOB, B cary4ae| 
eCJIM B HHX OTCYTCTBY1OT MpOCTPaHCTBeHHble CTPyKTYPbI, OOYCOBJICHHbIE XAMH| 
YeCKUMH CBA3AMH, HM CCJIM UX TeMMlepaTyPbI MepeXOMOB JeXKUT BbILMe TeMNepaTyPpE| 


XMMHYECKOFO Pa3s/OXKeHHA, MOXHO OCYUECTBIATb PasJMYHbIMA NPHeMaMH 11a} 
cTHUKalMM MOHMKeHHe TeMMepaTyp MepexoJOB HM TeM CaMbIM OOeCMeUMTb H)) 


| 
nepepadoTky B MOJIMMepHbIe MaTepHaJbI HU U3]eMA. | 


il 
i 


MockosckHi rocyapcTBeHHbIi yHMBepCuTeT Ilocrynusio 
um. M. B. JlomoHocopa LEXIS 


WHTMPOBAHHAS]| JIMATEPATYPA 


1B.A.Kapruu, T.W.Coroazosa, K®X, 23, 530(1949). 2? B.A. Kaprwal 
lO. M. Mana uucKkui, JAH, 72, 725 (1950). *B. A. Kapruu, JO. M. Manu 
ck ui, JIAH, 72, 915 (1950). 4TI.B. Ko3saos, E.®.PyccKosa, JIAH, 99, Tay 
(1954). 5 © B.A. K a peraruy GeEr= bp ecaep, @ Becta. “All CCCP.) 2) 76 aoa 
6 T.Mapk, Xun. Hayka 4 opom., 4, 96 (1959). | 
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Jornagn Akagemun nayr CCCP 
1959. Tom 129, Ni 4 


PHSHYECKAA XHMHA 


Cc. HW. KOHTOPOBHY, E. E. CETAJIOBA u akagemuxk TI. A. PEBUHJIEP 


MEXAHH3M 3AMEQJISIOWIEFO JEACTBHS JOBABOK 
MOBEPXHOCTHO-AKTHBHOPO MJIACTH®HKATOPA 
MPH FHOPATAUMH OKMCH KAJIbILUA 


OBePXHOCTHO-aKTHBHble MOOaBKH THIa JIMTHOCYsbPOHATOB KaJIbUuA (CyJIb- 
“O-CNMpTOBOK OapAbl — c.c.6.) MpHMeHAIOTCA AIA 3aMeleHUuA ruypaTalnu 
fH KaJIbUMA B mpollecce ee ruApaTaluouHoro TBepenua (*), YTO NOsBOMAeT 
I3BOMTb MOKPbIH MOMOJ HeralieHOH u3BeCTH Kak BAKyUlero, a Take 
KY H YIJIOTHeEHHe MaTepHaJIOB HU H3AeuHM Ha ee OCHOBe 6€3 NOHHKECHHA KO- 
coli mpouxoctn. [[pu stom oOpluHO mpuHuMaetca (?), 4YTO 3aMeqIeHHe MM 
IipakTHYeCKH NOJIHOe TOPMOXKeHMe HayaJIbHOH CTaMu ruApaTalluu BbIsBaHO 
\30BaHHeM Ha NOBePXHOCTH 3epeH BAXKYWero aCOPOUMOHHbIX COeB, NOHH- 
pu x CKOPOCTb B3aMMOJleHCTBUA C BOOM BCEACTBHE 3HAUMTeJIbHbIX uddpy- 
‘HbIX COMPOTHBJICHHM B NepeXOMHbIX CJIOAX. 

)bITbI, H31araeMble B STO CTaTbe, NOKa3aJIu, UTO OOpa3zoBaHue alcopOWnoH- 
CJlO€B Ha MOBEPXHOCTH 3epeH HCXOAHOH OKUCH KaJIbUMA He ABJIAeTCA eHH- 
HHOM, H TeM Oovlee pellalolleH, NpH4YnNHOH 3aMefAtollero DehcTBUA JOOaBKH. 

ak OblIO MOKa3aHO B Hallie maOopaTOpHN MpH uccTeqOBaHHH CycneH3uu 
rJIAHIeMeHTHOTO KsIMHKepa (°) Hu TpeXKaJblMeBOrO aiOMHHaTa (4), CBASHI- 

He 1OOaBKH 3 KUAKOU Cpefbl CycNeH3Hu NPOMCXOMHT B Mpollecce ruApaTalun 
yllero BcsIeZCTBHe afcopOWMu WoOaBKH Ha BOSHMKAWIWMX 3apO/pillax 

o6pa30BaHuk. OOpas0BaHue aCOpOMMOHHOrO COA MOOABKH Ha NMOBePXHOCTH 

[billet MpHBOAUT K Ppe3KOMY NOJaBJIeHHIO HX pocta — K cTaOuIH3allMN UX 
MepOB B KOJIMOMZHOM oGacTH. 

‘Ipoliecc BOSHHKHOBCHHA CTAOWJIM30BaHHbIX 3apOfbillleH NpofomKaeTcaA TO 

nop, mOKa MpakTuuecKH BCA LoOaBKa He OyfleT acopOupoBana Hu3 KUTKOL 

pl CycneH3HH. TobKO nocjle 2TOrO NOABJAIOTCA SapOfbIlIM, CNOCOOHbIe K 
ry M cpacTaHuio, T. e. K OOpa3s0BaHHlO KPHCTAJIJIM3aNMOHHOK CTpyKTyPpbl. 
H THApaTaluv OKUCH KaJIbllMA B MIPHCyTCTBUM JOOaBKH c.c.0. TakxKe OOpa- 
TCA MesIbualiMe KpHcTasuKH — 3apofpiiun Ca(OH)e2, craOusmm30BaHHble 


TaOmuta 1 


Coyepxxanne Ca(OH).2 (T/) B @uNbTpate, NomyyeHHoM uz 4% cycnensnu CaO 
C pasJHUHbIMA WOOaBKaMH C.Cc.O. 


Cofep2xKaHve 0OaBkH Cc. Cc. 6. B HCXOAH. cycneH3Hax, 


Bpema OT@usb- r/100 ma pacrBopa 
TPOBbIBAaHHA 


3HH, MHH. 0,24 | 0,36 


0,96 1,92 | 4,0 

1—1,5 2,20 2,97 4,34 4,74 5,60 
1—1,5 3,87 4,90 5,00 6,30 6,90 
10 4,02 4,50 6,10 6,9 7,00 


B ra6n. 1 npeycraBsieHnbl pesybTaTbI aHaMTHUeCKOrO ONpefeteHua Ca(OH), 
WIbTpaTax, OOaalollux MpakTHYecKH OMMHAKOBOH yJeIbHOH SeKTPOMpo- 
HocTbIo (x = 18,5—19,0-10-%om-?-cm™"), NOmyYeHHbIX u3 cycneHsuli CaO 
Da3JIMUHLIMH WOGaBKaMnu c.c.O. 
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Cnekyer OTMeTHTb, YTO 2eKTPONPOBOAHOCTh TaKUX GUMAbTPaTOB MNpaKkTy 
YeCKH ONPesemAeTCA TOMbKO cofepxKaHnem pacrBopeHHol Ca(OH)2, Tak ka: 
3a CUeT KOHIUeHTpallun c.c.6., ocTalollelica B KUAKOM cpese nocwe alcopoun 
Ha MOBepXHOCTH HOBOOOpasOBaHHli, H3MeHeHHe 3JIEKTPOMPOBOAHOCTH OUEH|} 
Maio (°). 1 

V3 ta6n. 1 BuHO, UTO MPM OAMHAKOBOH yeJIbHOH 93sIeKTPOMPOBOAHOCTH)) 
yKa3biBalolleH Ha OMHAaKOBbIli cocTaB X%KUAKOM cpexbl, KomuyectBo Ca(OH)si) 
onpeyleneHHoe THTPOBAHHeM, TeM OOJbIe, YeM Coble MOOaBKac. c. 6., ual 
MeTp Mop (puibTpa WH eM MO3AHee MpOBOAUTCA PuIbTPOBaHNe. OTH pesysIbTAaTI}}) 
MOXKHO OObACHHTb JIMIb TEM, UTO B CPUJIbTPaT MPOXOMAT KOJVJIONHbIC YaCTHUEY 
Ca(OH)s, cra6usmu30BaHHble JOOaBKOH. i 


HEHUIO yJeJIbHOH J/IEKTPONPOBOLHOCTH (Yepes CYTKH BIEKTPOMPOBOAHOCTb yM@HE)) 
waeTca Ha 3—5%), noKasbiBaeT, YTO NepecbillleHHe MO OTHOWeHHIO K Ca(OH)If 
B TaKOM (PUJIbTPaTe MaJIO JIA BOSHUKHOBCHHA HOBbIX 3apOsbilleH, a HMeIOUIMeC. 
SapONbIIllM MePeKPUCTAJJIMZOBbIBAaIOTCA KpalHe MeJVICHHO H3-3a OJIOKHPOBK'! 
MX MOBeEPXHOCTH aCOPOWMOHHBIMH CJIOAMH NOOaBKH. 

MoxHo npesnooxKuTb, YTO 3aMefleHHe Mpolecca rufpatattuu CaO B mpH} 
CYTCTBHH foOaBoK c.c.6. OCYyIecTBIAeTCH B OCHOBHOM 3a CU¥eT 3aMeJVJICHH!| 
ckopocTu pacrBopeHusx CaO nox JelcTBueM BBICOKOrO NepecbillleHHA, NOAAep*Ku 
BaeMOroO TMOBBbILIeHHOM PaCTBOPHMOCTbIO KOJJIOMAHBIX 3apoypiie Ca(OH) 
CTaOHJIM30BaHHbIX MOBEPpXHOCTHO-aKTHBHOH OOaBKOM, B COOTBETCTBHH C 3aKO| 
HOM Tomcona. i 

JlelicTBuTesIbHO, TAK KaK CKOPOCTb PaCTBOPeHHA NPONOPLMOHAaTbHa PasHOcty) 
MexKy KOHUeHTpallweH, COOTBETCTBYyIOWeH MeTacTaOHbHOH pacTBOpHMOCTI 
OKHCH KaJIbUMA (HanOouIbUlemy MepecbillleHHI0), H KOHWeHTpallueH B OObeME 
B JAHHbIM MOMeHT, TO OUeBHLHO, YTO pacTBopeHHe CaO B pacTBope Cc HelpepbIBHC! 
nOMAep2xXHBaeMOH CTaOWIM30OBAHHbIMH KOJJIONAHbIMM YacTulamu Ca(OH)s Bpico: 
KOH KOHILeHTpallueH OyeT NPOUCXOJANTh CO 3HAUNTEJIbHO MeHbIUel CKOPOCTbIO| 
yeM MIPOCTO B HaCbILIeHHOM pacTBope Ca(OH)s, 4ro mpuBeweT K 3aMe]JICHUK 
mpolecca rHufpaTalMH B IWeJOM. 

Jia MoKasaTebcTBa MpaBHJIbHOCTH BbICKa3aHHbIX Mpelnoso*eHn HeoG- 
XOJMMO ObIJIO HCCJIeAOBaTb CKOPOCTb THApaTallMW OKHCH KaJIbIMA B PacTBOpe, 
OO/laaiouleM BLICOKHM MepecbILeHHeM NO OTHOWeHUIO K Ca(OH)s, T. e. B buub- 
Tpate, cojlepxallem cTraOusM30BaHHble 3apogpitu Ca(OH)2. Ocratrounasa KOH- 
WeHTPaluA HECBASAHHOH MOBePXHOCTHO-aKTUBHOH OOaBKu B TaKOM (uJIbTpaTe 
JOJ2KHA ObITb IPH 3STOM HAaCTOMbKO MaJla, YTOObI MOXHO OblIO npeHeOpedb BEF 
3bIBaeMbIM CIO 3aMeAJIeEHHeM ru paTaHun. 

OctaTtouHad KOHUeHTpallua c.c.6. B ubTpaTax onpekensmach oToseK- 
TPpHYeCKHM MUKpOKOOpuMeTpoo (*). Jia nocrpoeHusa rpaqyupoBounoli KpHBor 
TOTOBHJIMCb NOAKNCJeHHbIe KOHWeHTpupoBanHoK HCl crauyapruble pacrBophl 
c.c.6., CofepxKalllue NPHONM3HTeEbHO TakylO %Ke KOHUeHTPallHlO HOHOB KaJib- 
IMA, YTO H PaCTBOPHI, B KOTOPHIX JOJI2MRKHAa Oblia ONPeMeATECA OCTATOUHAA KOH- 
WeHTpallusA c.c.6., Tak KaK KOHIeHTPallMA HOHOB KaJIbIMA OKAa3blBaeT HEKOTO- 
poe BIMAHHe Ha TOH OKpackH pacTBopos. IIpu Takom onpeseneHHu B KHCJION 
cpefle BeJIMUMHAa OCTATOUHON KOHUeHTpallnn C.c.6. XapakTepH30Basla He TOMbKO 
cBOOOHYy!0 c.c.6. B %KHAKO chase, HO Oblula HeCKOIbKO NOBbIWeHa 3a cueT 
oOaBKH, aXcopOupoBaHHOH Ha KOJVJIOMZHbIX yacTulax, mpomexwux yepes 
(uJIbTp. 

Cxopoctb ruqpaTalun OKHCH KaJIbUMA XapakTepH30Basacb B HalMx onbITax 
W3MCHEHHeM TeMMepaTypbl (OMBITbI MpoBoAuNuch B cocyze J[bioapa) np 3a- 
TBOpeHUH cMecH H3 25% CaO u 75% CaCOs, ucnomb30BaBllleroca B KauecTBe 
MHEPTHOTO 3allOJIHUTeIA, PacTBOpaMM c.c.6. pa3iMuHOli KOHUeHTpalluu 
(0; 0,05; 0,75r/100 ma pacrgopa), a TaKxKe KoJOMHbIMU pacTBopamu, mpuro- 
TOBJICHHbIMH CyleyIOWwHM OOpasom: 50 ma 0,75% pactBopa c.c.6. B TeueHue 
10 Muu. BsOanTbiBanucp c 1,5r CaO. )Kugkan basa nomyyeHHolt CycieH3HH OTJe- 
JIAACb OT OCANKA TBYMA CiOCOOaMM: OTPUJIbTPOBbIBAACh Yepes uJIbTpP c Wua- 
MeTpOM Nop 2 p (pacrsop A) nm JeKaHTHpoBasacb nocne oceqaHua JoctaTouHO 
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yNHbIX YacTHI, (patBop Bb). Pacrsopst A u B umes ofuHaKoBylo yleIbHylO 
}eekTponpopoguoctb 18,00-107%, coorBercTBylollyio pacTBopy, MepecbillleH- 
‘}pmy no oTHowennto kK Ca(OH)2 (y HacbiteHHoro pacrsopa Ca(OH)2 x = 
7,8-10-*), Ho HeHacbIeHHOMy 0 OTHOWeHHIO K CaO (y meracraOnJIbHO: 
ACbINIeHHOrTO ~pacTBopa CaO = 22,00 -10-%). CymmapHoe cojlep2kaHue 
n(OH)2 u c.c.6. B A cocraBnano coorsercrseHHo 0,47 nu 0,05 1/100 ma 
Bhcrsopa, as B 2,8 un 0,75 r/100 ma pacrsopa. 

| Vs pue. 1, 7, 2BuqHO, uTo BBeeHNe B CMecb pacTBopa, cogxepxKamero 0,05r 
ic.6. Ha 100 Ma pacTBopa, mpakTuyecku He 3amMequiaer rua~pataluu CaO. 
} {pu 3aTBOPeHHH 2e cMecu pacTBopom A c TOL Ke cyMMapHOH KOHWeHTpallneli: 
Vic.6., HO OOaJatolluM BbICOKMM MepecbillleHveM MO OTHOWeHHIO K Ca(OH)e, 
|KopocTb rufparalimu 3ameQusnerca (cm. puc. 1, 2). Mockonbky B 9TOM cyyae: 


100 


vO 40 


Puc. 1. W3meHnenne TemnepaTypbl pH 3aTBOpeHHH CMeCH H3 

25% CaO u 75% CaCOs pa3sMuHbimu pacTBopamn (B/T = 0,4). 

Ja— ucTHIMpoBaHHaa Boga, 16 — 0,05% pactBop c.c.6., 

2— pactsop A, 3’— pacrtBop B, 4— pacrsop b, 5 — 0,75% 
pacTBop c.c.6. 


eHCTBHeM JOOaBKH C.c.6. MOXKHO IIpeHeOpeub, TO 3aMeAIeHHe ruswpaTallMu MOXKHO» 
ObACHHTb JIHWIb BJIMAHHEM BbICOKOrO MepecbillleHHA Ha CKOPOCTb PacTBOpeHUA 
aO. 

IIpu BBedeHuH B CMecb pactBopa Bc ToH Ke yJebHol JeKTPOMPOBOHOCTbW,. 
To wu pactBop A, HO cOjJlep2Kalllero 3HAYNTEIbHO OoubWe KOMMONAHbIX YaCTHL,. 
KOPOCTb ruApaTallun yMeHblWaeTCA 3HayuTeIbHO pesye (puc. 1,4), eM pH 
aTBopeHHu pacTBopom A, uw cTaHOBHTCA MpakTHYeCKH TaKOH 2%Ke, KaK HM MPH 
aTBopeHuu cmecu 0,75% pacrBopom c.c.6. (puc. 1,5). Takum o6pa30M, 4¥eM: 
OJIbIe KOHWeHTPalluA KOJJIONAHbIX YaCTHIL MPH OZHOM HM TOM Ke HavaJIbHOM: 
POBHe NMepecbllleHHaA, TeM Govlee WIHTEIbHOe BPeMA NOMepxkuBaeTcA BbICOKOe 
epecbillleHHe, YMeHblIUWalollee CKOPOCTbh pacTBopeHua CaO, a cueOBaTeJIbHO, 
H CKOPOCTb Mpollecca rufpaTallHH B IeJIOM. 

Ec pactpop 5B Bbigep2KuBaeTcaA B TeYeHHe CYTOK, TO 3a 3TO BPeMA BCET- 
cTBHe MMpOTeKaHHA NMepeKpHCTasIM3allMH MepecbileHHe B HeM CHM2KaeTCA Vi 
yleIbHaA 3eKTPpOMpOBoAHOcTb nafaeT c 18,00 no 14,00 -10-%, xora cymmMapHoe 
-ojep2»kaHue Ca(OH)2 1 c.c.6. ocraerca Tem Ke. Menee sdekTHBHOe 3aMeIeHHe 
rHApaTauun MpW 3aTBOPpeHHH CMeCH TaKHM BbIep%KaHHbIM pacTBOpOM (pac- 
rBop B) (puc.1, 8) noquepkuBaeT BINAHMe AOCOJIOTHOH BeIHUHHBI MepecbillleHHuA 
1a CKOPOCTb rHApaTalun OKHCH KaJIbilMA. 

TakuM oO6pa30M, cieqyeT CUNTATb, YTO OCHOBHOH NPHYMHOM 3aMe]IATOWe- 
‘O JlelicTBHA J0OaBOK NOBePXHOCTHO-aKTMBHOTO MlacTupuKkaTopa — c.c.0. Ha. 
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ruypatauur CaO sapinetcAd yMeHbIWaHHe CKOPOCTH PaCTBOPeHHA OKHCH KaJIbILM |} 
No mecrauemM nepecbilleHui, NOAepxuBaeMbIX KOJWIOHMAHBIMA 4YaCTHUAaM} 
‘Ca(OH)2, pocr KoTopbix pe3KO 3aMeJVICH MOBEPXHOCTHO-aKTHBHOK OOaBKOrs 


VMuctutyt du3snueckoH xHMHu Ilocrymuuo 
Akayemun Hayk CCCP 31 VII 1959 


Kadeqpa komm0HqHOH xumun 
Mockosckoro rocyfapcTBeHHOro yHuBepcuTeTa 
um. M. B. Jlomonocosa 
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Hornage Akanemun nayr CCCP 
1959. Tom 129, Ne 4 


PHSHTECKAA XHMHA 
JI. Si. KPEMHEB wu JI. A. BOPOQHHA 
MHOPOKPATHOE OBPAWIEHHE ®A3 B 3MYJIbCHAX 


(ITpedcmaenento axademuxom I]. A. Pe6undepom 9 VII 1959) 


| 
| OOpatienne KOHUeHTPUpoBaHHOH npamoli smyibcun Tuna M/B B oOparuyw, 
ina B/M, o6priHo mponcxo_uT B ycIOBHAX U3MeHeCHUA CBOLCTB SMysIbraTopa, 
|pumep llyremM npeppalieHuA ruqpodusbHOrO WeOYHOLO MblIa B OeOPHJIb- 
He WleNOUHOSeMeIbHOe JIM MPM BbICaMBAaHHM Mba U3 BOMHOTO pacTBoOpa 
HUTPaJIbHbIM SJICKTPOJIMTOM. OKCNEPUMeHTAJIbHbIe JaHHble MO ITOMY BOMpocy 
(OCHOBHOM OTHOCATCA K JBYM HeCMEIIMBaIOIMMCA %KMAKOCTAM, OOaTarolluM 
OOJIbLIOH HbIOTOHOBCKON BxA3KOCTbIO (1). B Tex Ke yCMOBUAX MpeeIbHO KOH- 
HTPHPOBaHHble (mpeesbHbIe) 2MyJIbCHH C OObEMHOM KOHUeHTPalluel 3Haun- 
MIbHO Oobiue 74% (Bplle mpeyena MIOTHOM yNakOBKU WapvkOB paBHOro Jua- 
‘Tpa) npu nombirkax OOpalienua thas paspytaiorca. 

| Muaye pefyt ce6a. THKCOTpONHO CTPyKTYpHpoRaHHpe %*uAKocTu. K Hum, 
LIPHMep, OTHOCATCA OUTYMbI HM WerrTu C BbICOKOM addbeKTUBHOH (cTpyKTypHOH) 
SSKOCTbIO, Pe3KO YMeHbIaiollelica C MOBBbILICHMeM TeMMepaTYyPbI, BCeKCTBHe 
|iTeHCMBHOTO paspylleHUA MPOCTPaHCTBeHHbIX CTPyKTYP 3a C¥eT KMHETHYECKOH 
jepruM TemMOBOrO JBH2KeHUA. Kak ykKa3bIBalOCcb paHblille, B COCTOAHHM 
IPYKTYPHPOBaHHOH %XuAKOcTH™ ONTYMbI HW AerTH CNOCOOHb! Np MOJIHOM cOxpa- 
HHH THMMYHO THApPOduJIbHbIX CBOMCTB MpHMeHAeMOrO SMyIbraTopa oOOpa3o- 
iTb KaK IIPAMbIe, TAK HW OOPAaTHbIe yCTOHYMBbIe IMYJIbCHH (B TOM UnCJIe M mpe- 
IbHpIe Tuna M/B) B 3aBuCcHMOCTH OT yCJIOBHH 9MyJIbrHpoBaHHA. 

| O70 OOcTOATeM‘CTBO OGYCJIOBJIMBaeT BO3MOXKHOCTb MPOH3BOAHTb MHOTOKpaT= 
be OOpalileHue cha3 B STUX SMybcuAX. B nepBow cTaqHH nepemeluinBaHHA 
MAKOCTPpYKTYPHPOBaHHOLO OUTYyMa C BOJHBIM PacTBOPOM ru ApoduJIbHOLO 3MyVJIb- 
iTopa Bcerja oOpasyerca 9myibcua Tuna B/M. Kanenbku BoJHOH chasbl B Hel 
DryT CTAOWJM3OBAaTbCA NPHCYTCTBYIOULMMH B CHCTeMe OJICOMUJIbHbIMA MOBep XHO- 
HO-aKTHBHbIMM BeleCTBaMH, a TaK2K€ MCXAaHHYeECKH MPOUHbIMH CTPyKTYpaMu 
iTyMa. 

XapakTepHad OCOOeCHHOCTb TakKOl OOpaTHOM SMYJIbCHH COCTOHT B TOM, 4TO 
a, KaK HM UCXOZHbIM OUTYM, MpescTaBAeT CcOOO!W CBASHYIO, CTPyYKTyPUpOBaH- 
10 CHCTeMY, T. €. HANOJIHCHHY!O 2XUAKUMH BOJHbIMH KallIAMM MpOCTpaHcTBeH- 
10 ceTKy. Ilo cymlecTBy OHTYM C 2%XHAKHM HaNOJIHUTeJIeEM ABJIACTCA MOJeJIbIO 
accuueckoro rea, OOaalollero XapaKTePpHbIMH CBOHCTBaMH, B TOM 4NCIe 

1OCOOHOCTHIO K CHHepesucy. MakcumasibHad KOHIeHTpallMaA OOPaTHbIX IMYJIb- 
iM 3ABUCHT OT COJepKaHUA IMyJIbraToOpa B BOAHOH (hase, HO OHA OObIUHO 3Ha- 
ITEIbHO HUKe Mpesesa MIOTHOM ynakOBKH WapoB OAHOrO AMaMeTpa. 

Jlanee, B mpollecce nepeMelUMBaHuA C H3ObITKOM BOAHOFO PpacTBOpa 9MYJIb- 
\Topa 2Mysbcua Tuna B/M oOpaulaetca, M MPH AONOMHUTeIbHOM Aucneprupo- 
1HHM HOBbIX NOPWMH OUTYMa KOHICHTPalWA NPAMOH SMYJIbCHH MerkO NOXOAUT 
) IpeesIbHOBbICOKOrO 3HayeHHs. 

B cpoio ovepenb, NOlyyeHHad NpesenbHaa smMysbcua Tuna M/B BHOBb OOpa- 
aeTca B 9Myslbcui0 Tuna B/M or nepemMelinBaHua C HeOOJIbIIMM W3ObITKOM He 


* BuTyMbl BASKMX MapOK NepeXoAAT u3 TBepMoOOpasHoro B MKUAKOCTPyKTyPHpoBaHHce 
CTOMHHe pH TemMepatype BbIule 40°(?), a MeHee BA3KHe, HallpuMep Mapku B-o, yxke Mpu OObiy- 
fi TemnepaType ABIAIOTCA CTPpyKTYPHpOBaHHbIMH MKAAKOCTAMH, 
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SMyJIbrupyloulerocsa Gombile ONTYMa. OTHM 3akaHUMBaeTCA OAHH UMKII o0F | 
leHuA (pa3, KOTOPbIii MO2KHO NOBTOPUTbh N pa3 Mu TakKMM OOpa30M ocyulecTBH| 
MHOrOKpaTHoe OOpaiienue no cxeme (B/M = M/B)n. 

Ha puc. | npenctrapnenb pesysbTaTbl SMyJbrupoBaHusA u OOpallenua dé} 
NlOJlyYeHHbIe, Hanpumep, mpu 20°c OuryMom mapku B-5, HaxofsAIuMca 
2KHIAKOCTPYKTYPHPOBaHHOM COCTOAHMH pH 9sTOH TemMepaType, H BOAHBI 
PacTBOpaMu THApoduIbHbIX AHHOH- HU KATHOHAKTMBHOTO SMyJIbraTOpOB. | 

B Hauinx onpirax 6e3 3aTpyAHeHUli MpONsBOAMMOCh MHOFOKpaTHoe OOpall} 
Hue SMYJIbCHH C UNCIOM WHKIOB n = 5—6, OFpaHMYeHHbIM JIMLIb OObEMOM C} 
cya (ipa XKelaHuM YHCO WHKIOB MOXeT OpbiTb yBemuyeHO). B cmyyae OuTyM] 
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Puc, 1. Luka MuorokpaTHoro COpalieHua ha3 B 9MYJIbCHAX 
a@— Ha BbIpaBHuBatene A, O— Ha cysbiaTHO- 
CNHpTOBOH Oapye 


BASKUX MapOK IMYJIbrHpOBaHHe U OOPalileHHe (a3 BeOCb IPH MOBBILIeHHEI 
TemlepaTypax, OGecneunBaBLUMX KUAKOCTPyKTYPHPOBAaHHOe CocTOAHHe OuTYyMé 
AHaJIOrMUHbie Pe3yJIbTaTbI NOMYYeHb! TaKKe UH C MerTAMu. 

MexaHu3Mbl oOpalleHHA tas B NPAMbIX M OOPATHbIX SMYJIbCHAX Pa3HBI 
B npefeibHoH npsAmMOH SMyJIbCHH AePOpMHPOBaHHble B MeHTArOHaJIbHbIe ON 
KaoIpbl Kali OuTyMa pa3jleeHbl TOHYAMWIMMH CJIOAMM BOHOrO pacrTBops 
MpeOXpaHAIOWMMH HX OT KOaectleHunu. Ilo HalliMM WaHHbIM, NOJyYeHHBIM | 
NOJHbIX MuddPepeHUnaJIbHbIX KPHBbIX PacnpeeseHHA Kanedb NO pasmepal 
KPHTHYeCKanA (HAMMCHbINAaA) TOMMMHA SalMTHbIX COeB B MpeeMbHbIX OUTY) 
HbIX 9MYJIBCHAX COCTABIAeT BeMMUMHYy NopsatKka 107° cm. He o6ayan 6onbulc 
nmpounocthio (*), HempepbIBHbIM MpOcTPaHCTBeHHbIM KapKac U3 TOHYAHWMX 3: 
IWMTHbIX BOJHBIX COB JIEPKO paspyllaeTcA OT MEXaHWYeCKOrO BOSAeHCTBUA, WT 
yerO JOCTAaTOUHO MPOW3BECTH Pa3MeLUMBAHHe NpeebHOH SMyJIbCMu Cc HeOOU 
WWMM H3ObITKOM He 9MYJIbrupytouleroca Coble Outyma. IIpu paspyiwenun ka} 
Kaca OTJeJIbHbIe BOJHbIC NICHKM NO BJIMAHHEM MOJICKYJIAPHbIX CHI (NOBepXH 
CTHOrO HaTA%KeHHA) MpHHuMaloT CPopmy cdepwHyeckuxX Kaleb MHKPOCKONUY 
ckoH Bufumoctu. IIpu stoM BOAHbIE KalJIM OKa3bIBalOTCA BKJIIOUCHHbIMH 
NOJIOCTH HelpepbIBHOH MpoOcTpaHcTBeHHOM CeTKU,BHOBb BO3HUKIWel B pesysbTa’ 
KOaJIeCICHUMH He3allMIWeHHbIX Kalleib OuTyMa. TakuM nytTem o6pasyer 
oOpaTHax IMybcuA U3 NpAMoH. ArperaTHBHaA ycTOMUMBOcTb OOpaTHO SMyw 
CHM, B OCOO€HHOCTH NPM OObIIMX KOHIMeHTPalluAX THApodusbHOTO SMyWJbr 
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fba, B cooTBeTrcTBHM c mpescraBmeHuamu akafemuka II. A. PeOunaepa (4), 
fpeneAeTcA YHMBepCaIbHbIM CTPyKTYPHO-MexaHuyeCKHM Oapbepom. Kou™ 
| i TpauuA BO3HHKAaIOuleH mph oOpaujenun cba3 OOpaTHOH SMYJIbCHU MOXET OpITb 
#BbILCHA NO M3BECTHbIX 3HaYeHHM MPH PasMelMBaHHM C JONOMHMTCJbHDIMA 
HipluaAMH BOAHOrO pacTBOpa 9MyJbratTopa. 

| | Tak kak 9Myvibcua Tuna B/M npegctaBuiser co6o remeo6pa3Hy!0 cucremy — 
ginosHeH HDI BOJHbIMH KalwIiMH OMTYM,— TO pW OaronpHATHbIX yCMOBUAX 
Hikad SMyJibcHaA —Trenb Wucneprupyertca B U3ObITKe BOMHOLO pacTBopa 3MyuJbra- 
}pa, odecneunBad OOpallenuve SMysibcuu Tuna B/M u oOpasoBaHue ycTrowunBon 
)AMOH SMYJIbCHH. 

| Tun 9MYJIbCHH KOHTPOJIMpOBaJicA MUKPOCKONMYECKH. 


TocyfapcerBenublit BcecoiosHbili OporKHbIli Ilocrynuu1o 
Hay4HO-HCCeOBaTeIbCKHM HHCTHTYT 11 VI 1959 
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Jlonuange Akagemun nwayr CCCP 
1959. Tom 129, N 4 


PH3HYECKAS XHMH} 


) 
Jl. JI. MAKAPOB u Tf. C. NONOB } 
TEPMOJMHAMMYECKOE HCCJIEMOBAHWE CHCTEMBI | 
KBr — RbBr — H,O TIPW 25° 


(ITpedcmaeaexno axademuxom A. H. Tepenunoim 22 VI 1959) 


B uacrosiei paOoTte c Weblo onpeleseHHA H3MeHeHHA M300apHoro MOTE: 
Unasla Ip OOpa3s0BaHHu TBepybIX pacTBopos KBr—RbBr u3yyenpl: u3s0TepM 
pacTBopumocTu cuctempt KBr—RbBr—H,O u japaenue MapoB BObI Ha 
TPOHHbIMM pacTBopamu pH 25°. TlocraHoBka 9KCNepHMeHTa HM MeTOJIbI aHaJIM3 
aHaJIOrHuHb! OMyOJMKOBaHHbIM B cTaTbe (1). Jlia pacueta koadiPunneHTo} 
AKTHBHOCTeH KOMMOHEHTOB B CYULCCTBYIOULUX ()asax HCMOJIb3OBaHbI Cle] yIOuIH| 
COOTHOLICHHA:! 

YpapHenve Croponkuna — Ulynpua (?,°) 


Ig (Px? = | (a) ed lgay.o, ( 


(2) 
*H,0 : 
; [—xKoasdpipuuuenT akTHBHOCTH; x — MOJIApHas 

xT x08) (7) y 0K) 
U n ih ‘ 
JOJIA WM WHTerpHpOBaHve BeeTCA MpH H3MeHEHHH COCTaBa CHCTeMbI MO H30Tep 
Me paCTBOpHMOCTH. 


Ypapuenne Maxkxea —Ileppuura (*) 


rye 9 (x)= 


\ 


Ig a fag 
0,036 1g = pee Sle a chee (2) 
MV; : Ole dies ee gal M; ate ) 


Me Mm — OOULAd MOMAJbHOCTb 9EKTPOMHTOB (Mm = Mm; + Mn); Yi — KOSPPuLMeHT 
AKTMBHOCTH i-rO KOMMOHeEHTA B TPOMHOM pacTBOpe pH MaHHOM 3HayeHHE 
au,o, M; u [;—MouanbHocTh uM KOS:pPUUMeHT AKTMBHOCTH TOrO %Ke KOMMO- 
HeHTa B efO YHMCTOM BOJHOM pacTBOpe MpH TOM %x%e AaKTHBHOCTH BOJDI. 
Murerpupopanue Besercad Mp W38Me€HeHHH cOcTaBa cCHCTeMbI nO ceKyel 
(x, = mM, /m = const). 

Tak Kak Halim pesyJbTaTb! (Ta6. 1) xopowio cormacyiorca c mpuBejeH: 
HbIMM B CTaTbe (°), TO Mp pacueTax MCMOJb3OBaHbI H WocmeLHHe. 

VisotepMa py,o Hal pacCTBOpaMH, HacCbIIeHHbIMH OTHOCHTebHO cmecn KBi 
u RbBr, npesctaBuaeT coOoH NaBHyio KPpHBy!IO C MMHHMYMOM, COOTBETCTBYIO: 
MMM, KaK STOrO M TpeOyer Teopusa (*), KOHrpyeHTHOH TouKe (D = 1) 
MaKCHMYyMY paCTBOpHMocTH m. 

Hsyueuue TpOlHbIxX pacTBOpoB B U30TePMO-HM3OMMeCTMYeCKHX YCJIOBHA? 
(T, au,o = const, x, MepemenHo) moKa3an0, uTo 1/m c TouHOcTHIO Bo 0,2% 
JMHEHHO 3aBMCHT OT x’. 


1 


4 , | 
Au <i Meals (3 


re *—yrJloBoh Koadpunnexr. 
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Ta6Oaunna 1 


CoctaB *KHAKOK daspl 


DRb, KBr * PH,O 

™RDBr MKBr We 
~ 10-5 5, 748 5,748 0,404 19,178 
0,842 5,268 6,110 Pe 30d 18, 987 
2,233 4,427 6, 660 0,540 18,673 
2,936 3,902 6,908 0,633 18,523 
3,054 3,903 6,957 0,674 18,505 
3,004 3,689 77020 0,738 18,455 
3,0200 Gelbes Oo sOuG 7,104 + =0,750 , 418,436 
3,681 3,304 7,035 0,697 18, 420 
3, 882 3,260 Ue 0,882 18,417 
3,838 3,348 7,186 0,979 18,417 
4,061 3,120 7,184 0,878 18,417 
4,360 2,702 7,062 A ASS 18,434 
4,912 2,116 7,028 1,344 18 , 483 
_ 18, 884 


6,737 ~ 10-8 6,737 


(T) (2K) 
*RpoBr “KBr 
(T) 4,0) 
*KBr™RpBr 


* Kospbuuneut Kpuctaimusayyn D = 


IlyHkTupoM Ha puc. | nokasaHbl 3HaYeCHHA PyH,0o, MOMyYeHHbIe Ha OCHOBa- 
au (3) u BeCbMa KOpOTKOH 9KCTpanonauuu. O6e KpHBbIe XOpOlllo MexKAy 
pOoii cormacyrotcs. B ta6n. 1 aHbl 197 

HaccuWTaHHbIe TO HMM SHayeHus PH,0 
ja TeX pacTBOpOB, vist KOTOpbIX H3Be~- 
fre cocrap cocyllecTBytoule TBepjoli 
Masbl. 

| Tak Kak MpuH KOHUeHTpaluax 0,42 < 


xO) 5, < 9,65 mogbiHterpambHad dyHK- 


lua @ (x) x() OY€Hb UYBCTBUTEJIbHa K OLNHO- 


19.0 | 


—S 


19.8 


jam oubita (ipu D1 9(x)—- 00), To 2, 
ypapyenve (1) Obll0 MpuMeHeHO JIMWIb 
Ask KOHUCHTpalM, MeKAaMX 3a Mpe- — jgp 
(elaMu 9TMX 3HaueHHH. ; 
| IIpu ycnopuu (3) ypaBHenue Maxkea — 
(leppuura mpHHumaeT BUA 

ae 184 

ae} <1. (4) 

aH,0 0 vA 
fer) m a dy 

| Kosddunuentbl akTHBHOCTeH mpeJ- Be we pu 
IeTaBeHbI B Ta6s. 2. CxojMMocTb pe- KBr 


BYIbTATOB, NOJYYCHHbIX Pa3HbIMH MeTO- Puc. 1. VUsorepma ynpyroctH MNapos 
ee ee 
i Us 2, Ha KOTOPOM MoKa3aHa SaBu- 25°, 1 — pe3yabTaTbI Mp AMbIX deans: 
bumoctb [{),, OT CocTaBa TBepAOrO Pac- cryyeckux vsmepenuil; sHaueHUA PHO, 
rpopa. Kak u gua pacrsopa KCl — RbCl nosyyeHHpe no 3 

\°), kKpupaa f{),, Mpa MasbIx 3Haye- 

Huax x), umeer MakcuMyM. MoxkHo mpefouloxkuTb, YTO 3TO efBa JIM 
BLISBAHO OWIMOKAMM Olbira, Tak KaK NocsleqHHe cmaOO CKa3bIBalOTCA Ha pe- 
BybTaTax pacueToR (lorpeliHocTb B OMpesenenuu f{),. Mp JOObIX KOHILeH- 
pauuax He Oomee 2%). AnanormuHbili MaKCHMyM JOJI2KeH MMeTb MeCTO HM 
Ha KpuBol f() , Ha uTO ykasbiBaeT BU KpHBoM f%), BOumsH xf}, = 1. 


KBr? 
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Ta6aul ame 


Kosdduunent akTuBuoctrei RbBr nu KBr npu 25° 


Bs | 
Kos@®uuveHTb! akKTHBHOCTeH ; 
lt) ea 
RbBr MRpBr MKBr  |y,; 0 yp-Hu10 (4)/y1 D0 yp-HHIO(1)} fy 0 fFRbBr 10 

M.—I. Came M.—nt. eM a), (| KBr 
~ 10-6 | ~ 10-5 5,748 0,564 = 2,18 2,18 1,00 
0,068 4,030 5162 0,557 0,496 Zana 195 4,00 
0,206 2,210 4,430 0,549 0,523 ih fs: 4,66 1,03 
0,336 3,080 3,850 0,542 O27 f\ Saye 1,48 1,08 
0,422 3,526 3,535 0,537 0,530 1,40 eke) 4 JA 
0,512 3,860 3,260 0,535 (0,535)* Path I SPAT 1,20 
0,583") 4,000. |e 420 0,534 (0,534)* 1,:6 1,26 1,22 
0,655 4,490 2,625 0,534 (0,534)* 1h Sal GN SAS 1,40 
0,716 4,735 | 2,370 0,533 0,534 1,10 1,11 1,52) 
0,779 5,047 2,030 Qa? 0,534 AO" 4,08 1,65 
0,8:4 DyaGD 1,765 0,534 0,534 1505 1,06 1,78 
0,861 5,475 1545) 0,59 0,534 1,03 1,04 2,01 
0,884 5, 620 4,380 OR527 0,532 si Op 4,04 208 
0,899 5,005 4,510 0,524 0,540 0,974 41.03 2, a 

1500 6,74 ~ 10-3 0,514 Ona 1,00 4,00 — 


* SHaueHUusa, MOJyueHHbIe No ypaBHeHHW (4).} 


Tem He MeHee mpm pacuerax ff? no ypaBHenuio Tn66ca — Jtorema HaM 


‘ObIJIN MCMOJb3OBaHbI 3HAYCHHA, CpesHve M3 MOMyyeHHEIX no (4) u (1)*. Yue 
BO3MOXKHBIX OTKJOHeHUM f{") Maso cKasbIBaeTCa Ha BesMunHe AZ. 


25 


Se 


¥ 0 a5 9 
oT 


Puc. 2, 3aBucuMoctTs Kospunventa akTHBHOCTH ee OT 


cocTaBa TBepforo pacrBopa. a— pe3yAbTaTbI pacueToB no 
dopmysie (1), 6 —no mopmyue (4) 


B ta6a. 3 co6paHbl OcHOBHBIe TepMoyMHamuuecKue (dbyHKILHH TBep bx 
pacrpopop KBr—RbBr: usmeHenue us06apHoro motentvana AZ, snTanbnny 
AH M CBA3aHHOH sHepruud TAS mpm ux oOpasopanHH M3 UMCTHIX coneH NpH 
25°. Tak KaK Mbl He pacnowlaranH 9KCMepHMeHTa/IbHBIMH 3HaueHHAMU AH, 


* 
HenocpenctBenHoe onpenemenue hoe mo (4) HeBO3MO2%KHO 43-38 6ONbINHX OUIM6OK 
MpM skcTpanonaunu sHayenni Myp, ¥ Typ, 
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'B TaOJIMUe WaHbl sHayeHus /lyprama — l'ayKuuca (‘) MH paccuMTaHHble Ha- 
lo Popmyste 4-ro npuOnuxKeHuaA cTaTHcTHYecKol Teopun Bacacrbepua (8), 
wopac, KaK IpaBHJlO, NPHBOAMT K pe3yJIbTaTaM, CXOMALLMMcCA Cc 9KCMepH- 
jHTaJIbHBIMA B Mpefeax oOumOoK onpita (*,1°). B pacuerax TAS, koroppie 
PacCMaTPHBaeM KaK IIPeBapHTeJIbHbIe, HCHONb3OBaHbI TOJIbKO J\aHHble, 


Ta6auua 3 


OcHoBHble TepMOAMHaMMYecKHe (YHKUMH TBEPABIX pacTBopoB mpu 25° 
(B KaJl. Ha MOJIb MOHHBIX Map) 


nee TAS 
——| tas | TAS | peryanpn 
(mo (*) , _ Crupaunra 
0,1 150 36 81 234 190 194 
a2, 222 — 135 aay 288 295 
0,3 260 84 166 428 345 361 
0,4 280 — 180 462 374 400 
0,5 283 109 182 466 384 412 
0,6 270 — 176 448 376 400 
0,7 242, 82 159 403 347 361 
0,8 202 — 1.6 326 289 295 
0,9 132, 36 176 207 194 194 


iccunTaHHble m0 (°). SHauvenna TAS B Ta6suue BpruucneHbr us AH u AZ 
» Teopun BacacrpepHa —Tosu (11) nu no dpopmyse Crupsauura. TlockompKy 
uv0ka B BesMuHHe AS, BusMMO, He MpeBbiliaeT 5%, TO MOAKHO MPHUTH K 
IBOAY, YTO TBepAble pactBoppl KBr—RbBr npu 25° He aBaatoTcA perysap- 
DIMH, KaK 9TO MpesnoslarasM aBToppl (‘). CooTHOWleHHA MexAy 3HayeHHAMH 

, HOJIYYeCHHBIMA Ha OCHOBaHHU pa3JIMYHbIX TeOpeTHYeCKHX MpeAMOCHINOK, 
BePLICHHO aHaJIOrMuHbl TEM, KOTOPble paHee OTMeyaJIMCb PpxAOM HccJeqOBa- 
jleH fa pacrsopop KCl—NaCl (??), KCl—KBr (7%) u gap. u, BuauMo, 
PbACHAIOTCA CYULeCTBOBaHHeM B HAX HeKOTOpOrO uuCJIa WedekTos «no IMorrKuy. 


JleHuurpayckul rocyapcTBeHHbI yHUBepcuTeT Tlocrynuso 
um. A. A. )KjaHoBa 16 VI 1959 
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PHBHYECKAA XHMHV 
B. JI. TAJIbPO3E u E. JI. PPAHKEBUY 


CPABHUTEJIbBHOE MCCJIENOBAHHE HABEJEHHOH 
JJIEKTPONPOBOAHOCTH MW CBOBOAHbIX PAAUKAJIOB 
B PAXYWOJIM30OBAHHOM TBEPJOM MAPA®HHE. 


(IT pedcmaeaeno axademuxom B. H. Koxdpamoecom 10 VII 1959) 


Bonpoc 0 MexaHu3Me OOpa30BaHHA CBOOOXHBIX PalMKaNOB ABJIAeTCA OHI 

H3 OCHOBHbIX BONPOCOB pawvauwnNOHHOM XMMHH, 3HAaYeHHeE KOTOPOFO BO3pacTag 
B CBA3H C PaNNa@aUHOHHbIM NOMVYeHHeEM «3aMOPOXeHHHIX» padukaoB. B Anh 
paType MPHHSATO FOBOPHTh O paMuKaNax «HOHN3ALLHOHHOFO» H KHEHOHH3AaLLHO} 
Horo» nponcxox*K Jenna. B nepBom cyyae HMeIOTCA B BUY B OCHOBHOM padnkadl 
oO6pa3ytoulnecA MPH PeKOMOMHALHU 3aPA2KCHHbIX YACTHIL, KOTOPbIe BOSHHK. 
now MelictBuem u3ayuenna. Hapsazy c sto pekoMOnHallnel, CyulecTBeHHy 
poulb B Mpouleccax OOpa3s0rPaHHA CBOOOZHbIX Pauka/IOB MOryT HrpaTb HOHH| 
MOJIeKyJIAPHbie peakuun. OO 9TOM BbICKa3bIBal MpeAnooxwenne yoxKe JIuHy () 
a B NONHOH Mepe 3HAYeHHE STUX PCAKLNH BbIABHJIOCh B Pe3yIbTAaTe paooT a 
topos (?, *), CrupeHcoua c coTpyaHukamu (*) vu Puagza, PpanKanna nu Jlami 
(°). B pesybtate sTHX paOoT Oblla ycTaHOBJIeHa MCKJIOUNTeIbHaA XUMUYECK: 
AKTHUBHOCTb HOHOB B ra30Bon (pase. 4 
_ Hecomuenuo, 470 Hapsady Cc paduKasamMu «HOHH3aLMOHHOTOY MpOncxoxK enh 
yap 9JIeKTpOHa B ra3s0BOH (ase BbISbIBAeT H NMPOWeccbl NPAMOH AnccolMaurn 
Ha padukabl. OLHO 43 NOCeAHHX CBHJETELCTB B MOb3y 2TOTO NonyyeH 
@aitepcrouom (*). Oranyuna mMexky KOHJeHCHpOBaHHOH u ra3s0Boi (ba3samMu 
mpolleccax nepeqaun SHeEPruu, B HaMYnH «KNeTOUHOTOY ddcekTa u B TepMOg| 
HaMHKe 3a€pAKCHHbIX YaCTHIL HECOMHEHHO BHOCHAT CYIIeCTBeHHbIe OCOGeHHOC) 
B TeHe3Hc CBOOOJHEIX pawukanoB uv MOHOB. Jia TOrO YTOObI BLISBATb HOHU3ALH} 
B KOHJCHCHPOB@HHOH (pase, TpeOyeTcA MeHblUIad SHEPrHA, 4YeM B Ta30BG 
case. B neppom npuOnuxKeHun cuuTatoT (’), UTO NOTeHLMas HOHU3ALLMH MON 
KYyJIbl B KOHAeHCHpOBaHHOH dbase J, = J] — 2E, rue / — norentiuas voHusally 
B rasopoh base, a E — sueprua nonspu3auun. M3mepenun Temnepatypaq 
SABHCHMOCTH 93JIEKTPOMPOBOLHOCTH TBePAbIX YyIeBOMOpONOB aloTr BeNHUHE; 
SHeprum akTuBalun ~ 0,5 + 1,1 9B (8,*). Iro coorBercTrByeT SHEPrHH HOHN3, 
uuu | + 2,2 9B, ecm CUNTATb, YTO TeMMepaTypHaA 3aBHCHMOCTb OOycOBMe! 
AKTOM HOHM3ALlMH MW YTO pekKOMOMHAUMA HOCHTeENeH TOKa MpONCXOAKT NO KBalp. 
THuHOMy 3aKony. Mexyy Tem, NOTeHLMaIbI HOHH3ALMH STUX BELLECTB B rasOBC 
tase coctaBuntot 6 —- 10 98. Takum oOpasom, HaGst02aemoe CHM>KeHHe SHEpry 
MOHH3aUWH BeCbMa BeJIMKO HM He BCerfa MOXKeT ObITh OnUuCaHO cdbopmyson J, : 
= [| — 2E, xora cnefyeT 3aMeTHTb, YTO TOUHOe BHIYMCeHHe SHEPrHH NOMAp! 
3allHH BPA JIM BO3MOXKHO H3-3a OObWIOH YYBCTBUTeIbHOCTH STOH BesIMUMH 
K pALy MIOXO M3BeCTHBIX MapaMeTpOB BelllectBa. 

B suTepatype, HaCKOJIbKO HaM U3BeCTHO, JO CMX Op He OOpalllasiocb BHUM, 
HHA Ha TO, YTO YMeCHbIUeHHe NOTEHWMaJIOB HOHUSALMM B KOHJeHCHpOBaHHOn (ha: 
MOXKET PeC3KO CHH3HTb BEPOATHOCTh OOPasOBaHUA CBOOOAHHIX padukKanoOB Mf 
padvomnse NyTeM pekOMOuHaliuu Napbl MOHOB — mpollecca, urpatoulero BecbI 
OOJIbIy10 POJIb B OOPasoBaHUH CBOOOAHIX paduKaOB pH padnonuse B ras0Be 
base *. Ecuu, Hanpumep, 9Heprua o6pa30BaHud Nappi HOHOB paBHa 2 9p, * 


* Hauwuad 9T0 HCCIeOBaHHe, MbI TaKxKe HCXOAMIM H3 TOrO, 4TO CBOOORHEIE paqukaa 
oOpasylollMeca IIpH paqvonuse B KOHACHCHpOBaHHOH (hase, HMEIOT B 3HAUNTEbHOM YacTH UMeH 
HOHM3alKOHHOe Tpoucxoxyenue (12), 
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PH PeKOMOUHALMN UX He BHIMeMAeTCA SHEpruu, MocTaTOUHON nA pasppiBa 
BaseH nouTu Bcex THNOB. AHaM3 NOKA3bIBaeT, UTO OAHOBPeMeHHO C 3TMM TIPU 
epexofle OT ra30BOH K KOHJeHCHPOBaHHOH (haze NOABAeTCA TeEHeHLMA K 3Ha- 


S 


IMTeEJIbHOMY YMeCHbLeHHIO TenmoOBOorO ac:peKTa HOHHO-MOJIeEKYMAPHbIX mpowec- 
DB — MHOTMe PeaKUMH, SK3OTEPMHYECKHe B rasoBol pase, CTaHOBATCA SHJO- 
EPMH4e€CKHMH B KOHJ@HCHPOBaHHOH. 

Moxkuo JyMatTb, TaKHM O6pa30M, 4TO BO MHOFHX CAy4aAX OCHOBHBIM 3J1eMeH- 
HPHbIM MpolleccOM OOpa30BaHHA CBOOOAHbIX PadNKaJIOB MpH PadMOJIM3e B KOH- 
MCHCHPOBaHHOH (haze ABJIAeTCH MPAMOM pa3pbIB CBA3H C OOPa30BaHveM AByX 
jeliTpanbupix WIM OLHOHW HeliTpasIbHOH H OHO 3apaAxKeHHOH YacTHL. SameTuM 
: €, UTO B Clyuae BOMOPONcoOMep*KaulnX cOeAMHEHUA SPekT KIETKH NMPHBOAMT 
facTO K TOMY, 4TO OTPbIBaeTCH MpeumyillecrBeHHO atom H. 
| Apropamu Opina npéAnpunatTa nonbiTKa Halirn SKCNepUMeHTAbHBIM MOAXOR 
| BONMpOcy O «B3AMMOOTHOLUCHHAX» HOHOB H PadukasOB MPH palwonn3e B KOHeH- 
j#poBanuoli (pase. Jla SToro MeTOJOM 9. N. Pp. Obl COBMeCTHO UCCeHOBaHbI 
|leKTPONPOBOAHKOCTh TBepLoro napaduHa, HAaBOAMMasA MYYKOM OpICTPbIX 3J/IeK= 
NPOHOB, HM HakOnveHHe MW rHuOeMb CBOOORHbIX fa INKasOB. 
| Temnepatypa nulaBeHuaA napaduna cocraBaana 52—55° C, ura fipumep Ho 
HOOTBeTCTBYeT MaKCHMA/IbHOMY COjep>KaHui0 B Ma pacuHe ankaHoB C.,. Nlapadun 
it coflep»kasl, MO-BHAUMOMY, JIETKO HMOHH3YeMbIX MPHMeceH, NOCKOsIbKy 3a- 
hucHMOcTb “TeMHOBOLi» 3JIEKTPONPOBOLHOCTU OT TeMNepaTyPb! Oblvla HeCKOJbKO 
| anbuee, ueM B Clyuae BeCbMa uNCcTOrO NapaduHa, ucceqoBaHHoro Puviem (8). 
| Jina u3zmepeHua S7eKTponpoBOAHOCTH B NapaduHoBbIi WHIMHApMK NMamet- 
OM 10 MM HW BBICOTOH 3 MM BNVJaBJIANCb 3EKTPOAbI H3 aIOMHHHeBON Pombru 
rOLLHHOK 30 p. Pasmep yyacTka 3/leKTpOa, BIaBJeHHOrO B NapaduH, cocTaB- 
ii 5 X 3 MM’, paccTosHve Mexfy sneKkTpofamu Gpio 1 mm. Mecaenyempili 
HOpasel, NOMeaICA B ILMIMHApuyecky!lo Kamepy, Yepe3s KOTOPYyIO MpoLyBacsa 
M30T, HCNapsAeMbIM U3 [bioapoBcKOro cocya ¢ KHAKNM a3z0ToOM. JIo nocTymeHHA 
KaMepy a30T NPOXOMMA Yepes aTyHHylO TpyOKy, TemMepaTypa KOTOpOHi 
walaBasIaCb HAMOTAHHOHM Ha Hel cnupanbio. Temnmepatypa OOpa3ila Mora H3Me- 
HaTbcn OT —120 no +50° C. Hamepenue Temnepatypbl Npou3sBoAN0cb TOHKOH 
repMonapol, BBeEAJeCHHOH B 3a30P MEX y WIeKTPOAaMH. 

Ha 9seKTpodbl o6pa3ila nOokaBayiacb pa3HOCTb noTeHiMalon V = 1000's 
i TOK Yepes OOpasell HSMePAJICA SICKTPOMETPHYECKUM YCHMTeeM THTA IMY-2 
° BbIXONOM Ha ABTOMAaTHYeCKHH CAMO yun NOTEHUMOMeTP STINM-09. Dro 
VCTPOHCTBO UCHOMb30BAaIOCb JIA U3MCPEHHA .«TEMHOBOM» IJIEKTPOMPOBOAHOCTH, 
A TaKKe JIA HSMepeHHH Ha MpeAEapuTeMbHO OOMYYeHHEIX OOpasliax. O6s1yueHne 
PTUX OOPaSHOB NPOUSBOAMOCb Ha KaCKa/HOM reHepatope Mucrutyta xumuyeckoli 
pusuxku AH CCCP snexrponamn c 9Hepruel 1,6 Mas npn Temnepatype kune- 
HHA 2%HAKOTO a30Ta HU B aTMOCepe asora. Tpu U3MePeHHH 9/1eKTPOMpOBOL- 
OCTH HeMOcpeACTBEHHO NO] OO yYeHHeEM HCMOIb3O0BaIOCb TOPMO3HOe Hussy yeHHe 
BJIEKTPOHOB, NaaBLUIHX Ha CBHHIOBY!IO MHLIeHb. 

IIpu ofHOBpeMeHHOM M3MePeHHH J/CKTPONPOBOAHOCTH B OOpaslax, mpeyBa- 
DMTeEJIbHO OGJIYYCHHbIX ObICTPbIMH 3JICKTPOHAMH, UH CII€KTPOB 93JIEKTPOHHOTO 
apaMarHHTHOTO pesoHaHca STUX o6pa3lloB Obivia npuMeHeHa ycTaHoBKa 9. MI. p. 
Aucturyra xumuyeckolt d@usuku AH CCCP (1°), pesonatop KoTopol pacnouio- 
KEH HeMOCPeACTBeEHHO Ha BbIXOJe My4Ka YCKOPHTeIA SeKTPOHOB. OOpa3ell 
iMe/| (OpMy LWHIMHApa KHamMeTpoM 4 MM, B Hero ObIJIM BIWIABJICHbI SJICKTPOAbI 
13 MeJHOM (bobru, WupHHOH 3 MM Ha paccTosHun 1,5 MM Apyr oT Apyra, 
4 TakKe TOHKaA TepMonapa. O6pasell BBOAMJICH BHYTPb pesonaTopa. OOsyB 
Gpasiia crpyeH moLorperoro HM OXNaKMeHHOFO a30TA MOSBOJIAJ H3MEHAT eFO 
remnepatypy or +150 go —100°C. 

Tipu o6myyeHun napaduvHa peHTreHOBCKUMH JIy¥aMu MpOuCXOAMIO, Kak UH. 
I€OBaIO OXRKUMaTb, YBeM4YeHHe CFO BIeCKTPOMPOBOAHOCTH. 

Bpik04ueHHe 2JIEKTPOHHOTO NyykKa MpuBOANO B OONacTH TemmepaTyp 7/— 
250° K kK mayeHuto SNKTPOMPOBOMHOCTH 3a BPeMA, MeHbIlee YeM NOCTOAHHAA 
sPeMeHH SIeKTpOMeTpuyecKol cxempl (0,5 cex.). [Ip Gomee BuicoKo Temmepa- 
ype BbIKMIOUCHHE MYyUKa BbISbIBaO CHavala Takoe %Ke Opicrpoe cnasaHue 
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3JIEKTPONPOBOMHOCTH, KOTOPOe, OMHAKO, CMEHAJIOCb 3aTeEM MeJWICHHBIM CaO, 
BesmunHa, Ha KOTOpy!O ClaJasla d/ICKTPONPOBOAHOCTb 3a BPeMiA «ObicTpor 
naa. cocTaBuiAvia TCM MCHBIIYIO OO OT HaBeJeHHOW 3/1eKTPONPOBOAHOCT 
ueM Bbiliie Obwia TemMMepaTypa oOpa3 
(puc. 1). ‘eg 

Bevin MpeANpHHAThI OMbITbI, B KOTOPE 
93ICKTPONPOBOAHOCTh Mapaduva, mpeBap 
T@IbHO OOyYeHHOrO ObICTPbIMH 9JIeKTP 
Hama pH Temmepatype 77° K, u3mepamai 
mo xofy pasorpega. B stom cayyae OblIO O 
HapyKeHO ABJIEHHe «BO3rOPaHHA» 9JIeKTP 
wh 682 0 48 64 GH LA TFPOBOHOCTH: 3AMeTHAA IJIEKTPOMPOBOHOC 
Puc, 1. Kpusuie cnafa suekrpompo- MOABJIANaCb 34 HECKOJIbKO AeCATKOB rpayci 
BOAHOCTH MapatuHa MpH pe3KoM iO TOFO Kak IIpH HarpeBaHHH HeoO/yYeHHE 
BbiKMONeDHH OOTyNeHHA (cTpeIKCH  O6pasiOB NOABMAMACh OObIYHaA «TeEMHOBA 
A Saar Touerys et = eepunign CH 9QJIEKTPOMPOBOAHOCTh; MPH JaJbHefiliem Ha 
remnepatype 113° K, 6— mnpu PeEaHHH SeKTPONPOBOAHOCTb Cnafana Mp 

213° K, e— mpu 300° K MepHO JO TeEMHOBOTO 3HaueHHA (puc. 3, € 
Ilpu noBTOpHOM 3aMOpPpaxKHEAHHH NH pa 

rpepe OOpa3slloB BOsrOpaHUA dJeKTpONpoOBOAHOcTH He HaOmOLanocb. Hadm 
eHHoe HaMH IA Napaduva saBsieHHe 3aMemeHHOrTO cnawaHHA 3 NOC, 
nmpekpallleHua OGyYeHHA paHee HaOwOfanocb Paynepom (**) Ha NOMMSTHICE 

Jina pelenuA Bonpoca O npuposxe SABJeHHA BO3TOPaHHA 9eKTpPONp 
BOAHOCTH  CYUIeCTBCHHbIMH mpecTaBJIAIOTCH MpoBeJeHHble 
HaMH OMBbITbI, B KOTOPbIX OJHOBPeMeHHO pericCTPHPORaJIUCb 
QJIEKTPONPOBOLHOCTh HW CNeKTpbl 9. .p., XapakTepHsylollne 
cojlepkanve CBOOOJHBIX PaduKasOB B OOfasile. 

Oxa3aocb, TO TeMNepaTypHO- BpeMeHHaA (MOCKOJIbKY 
OJHOBPe€MCHHO MeHAJINCb HM BpeMA MH TeMMepaTypa) OOacTb, B 
KOTOPOH MPOMCXOAMT BOSrOpaHHe BIEKTPONPOBOLHOCTH, OTYeTJIN- 
BO coBlagaeT c OOAaCTbIO, rye npoucxoAuT cnawaHwve MHTeHCH- 
BHOCTH cneKTpa 9. Tl. p. OMHH u3 CHeKTpoB 9. Nn. p. (mpou3sBOo]- 
Haa), CHATbIM B STHX ONbITax, MpwBeeH Ha puc. 2. V3 gstoro 
CIl€KTpa MOKHO BUJeTh, YTO pacnpeflesIeHHe HHTCEHCMBHOCTeH MexK- 
Uy JIMHHAMK 6B CMeKTpe cooTBercTByeT aJIKHUJIbHOMY 


4 


NS 
ss 
—- 


S 


ToK vepe3 bp A304 (OMH CL, 
S 


Edad | 
awuka J THA we —C —Cw, 
waka y iB EA abe 5 | 


Ha puc. 3 mpuBeyeHbl KpuBple H3MeHeHUA Cc TeMMepaTypolt | 
SJIEKTPONPOBOAHOCTH OOJYYeHHOTO OOpasila WM COJepmKaHUA paslu- 
KayiOB B HeM. Bowbuiaa own6ka B 3HaveHHH TeMMepaTypbl 
CBA3aHa HE C HeETOUHBIM ee H3MepeHHeM, a Cc TepenayomM Temme- 
paTypbl B OOpasile, Heu36exKHbIM PU CPaBHUTebHO OpicrpoMm ero 
Harpepanun. ABTOPbI CUHTAIOT BOSMOXHbIM CeMyrollNe OObACHE- 
HMA HaliqenHoro addexta: 1. Bosropanue 37eKTpompoBosHoc- 
TH OOycIOBIeHO TepMHYecKOl HOHM3allMell pafwuKaoB, a cay 
SJIEKTPONPOBOAHOCTH — rHOeJIbIO OO6pa3z0BaBIUUXcA HOHOB. 


K 

_ 2.Bosropanne 31leKTpONPOBOAHOCTH OGyCJIOBJICHO JIOKaJIbHbIMH BBI- Pac 
AeeHHAMH SHEP pH peKOMOuHAlHN pauKasOB. Ora sHeprMa Jy 4eHHOl 
(~3+4 98) Oonee Ye JocTaTouHa AA OOpasoBaHusa HOHOB, ecm —_TapadHx 
SHEPIHA HOHM3aLHM AeCHCTBHTeIbHO CTOJIb HU3Ka, Kak 9TO CJlefy- poEaail 
€T H3 HaHHBIX NO TepMOSeKTpONpoOBOAHOcTH NapaduHa (1,1  apu 180° 


1,5 9B). 3. Kak BosropaHue seKTponpoBogqHocTn, Tak uM ru- 
OeJIb PaNuKaJIOB NPOHCXOAT BCeNCTBHe yCKOPeHUA B pellleTKe Luddpy3voHuH, 
MBY2KCHHH YacTHIL BCeX THNOB C MOBbIMeHHeM TeMMepaTypphl. 

Ilposeyenubix OMbITOB, NO-BUUMOMY, eile HeJocTaTOuHO Asa BbIOOpa Mex 
STHMH MeXaHH3MaMH. OHaKO ACHO, 4YTO MpH pellieHHH 2TOTO BOoMpoca Heo: 
AMMO YUMTHIBATh TAKE Pe3YJbTATHI ONBITOB NO cialaHHlO IIeKTPONPOBOAHOC 
NOCJe BHIKHOUVeHNA H38yYeHHA. Tak, KpuBad 6 Ha puc. 1 orHOocHTcs K Temne| 
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ICKM HET H peub UeT O CPaBHUTeIbHO 
}WIEHHOH PekOMONHAaLlHH HOHOB. 

|| Mutepecho oTmeruTb, uo mpuMepHO c 
‘fe %Ke CKOPOCTbIO MPONCXOAUT uM TIpH- 
f)AallMicA NpuMepHO Ha STy xe TeMre- 
iTypy cna 2eKTpompoBoxHocTu Nocwe 
AKCHMyMa «BO3ropaHus» (puc. 3). Osna- 
eT JIM 3TO C H€COMHEHHOCTbIO, TO 
MOWeCC MUPpalluu 3apANOB ABJIAeTCA Npo- 
CCOM MeJVICHHBIM, TpeOyIOWlHM mpeo- 
paren OapbepoB? Tako BbIBOX BO3MO- 
HeH, HO He OOs3aTeeH, MOCKObKY 
Ib10 MOXeT ObITh NPOCTO B OUeHb HH3- 
M@ KOHIeHTpalun uoHop. Hanpumep, 
fDarad peKOMOnHalMIo mMpolleccom BTO- 


4 
M 


i 


4 le} 
Hipe 300° C, npu Koropoli Bpema 2%xu3HH paluKanoB B napadune u3smepserca 
WKYHTaMM WIM AonAMM cekyHyp. Ha nporsxKenuu JeciTKOB ceKyHJ, KOTOpLIe 
HUMACT Cla 9CKTPONPOBOAHOCTH Ha STON KPMBOM, PakuKaOB yxKe MpakTH- 


a) 
u 
Zs s 


p - 


60 200 220 Lu) 60 280 JUD FLO H 


NOHUEIRDAYUS PODUKUOD Ut 
MOK YEPE3 DODUSEY (OM. EL 
MN 
Ss 


Sk 


= 


Puc. 3. UsmMenenve KoOHUeHTpalluu pa- 
JMKasIOB HU SIEKTPONpOBOAHOCTH OGbsy- 
ueHHOrO Mapadiua pH HarpeBaHun. 
CkopocTb HarperaHHa paBHa 22°/muu. 
a— KOHIeHTpaluaA palukKaOB B Mpo- 
H3BOJIbHbIX CMMHHIaX, 6 — OTHOCHTEIb- 


eee aka, Hy ) CiuTad KOHCTAHTY ioe wsMeHeHHe TOKa yepe3 cOpa3el mpu 
PxOpOcTH sTOrO mpolecca R paBHOH yanpsxenma na smeKtponax 1000 B. 
)?° cm*/cex, mOJyuaeM, UYTO «BpeMA  IlyyKtHpom yka3aHO H3MeHEHHe TEMHOBON 


H3HH» HOHOB T HMeeT BeNHYMHY NOPA- SNeKTPONpOBOAHOCTH ocOpasia 


110 cek., e€CJH KOHICHTPalluA HOHOB 
apHa ~1 k/t = 10° nonop/cm®. Stra KOHWeHTpallHA Maer 9eEKTPOMPOBOL-- 
octb ~107*? om-t-cm7}, ecaH MpHHATb MOXBMXKHOCTh 3apAyOB paBHOH 
~10°* cm’/B-ceK, YTO ABJIAeTCA Pa3yMHOH BenHUMHOK Ana cyan, Kora 
MbeKTHBHOH Nepemellaroilletica MaccoH ABJIAeTCA THAPHANbIM HOH WIM MpOTOH. 
IIpuustue m106oro v3 NepBbIX AByX MpeMOHKeHHbIX Me€XaHH3MOB OOPasoBa- 
MA WOHOB BeJeT K CyIeyIOUleMy CyIeCTBeEHHOMY BbIBOJy: OOpa3s0BaHve HOHOB 
faMONH3ORAHHOM HJIH paHouM3yeMOM TBePAOM HIM X%KHAKOM BellecTBe 
HOXKET NPOXOAUT Yepes cTaqulo o6pas0BaHnA CBOOOAHDIX patukanoB. Pe3-) 
joe CHH2KeHHe 9HEPrHH MOHH3AWHN B KOHJeCHCHPOBaHHOH cbe3e NO cpaBHeHUIO 
‘ cbaso raz006pa3HOH MoxKeT NPHBOAUTb, TAKHM OOPa3soM, K HHTepecHomy «O0O- 
HalleHHIO» B3AHMOCBA3H M@EXKLy MpoueccaMu OOpasoBaHuA HOHOB HW PadNKaJOB: 
|) mpu paquonuse B ra3z0B0 chase CBOOOAHHIe PalNKavJbl B 3HANTeJIbHOH CTe- 
eH ABJIAIOTCA NPOAyKTaMH MpeBpallleHHA HOHOB; 6) B KOHJeHCHpOBaHHON (pa~ 
4 HOHbI MOryT ObITb MpOAyYKTOM MpeBpallleHHA CBOOOLHbIX PaNKaJOB. . 
IIpeqctaBiserca, YTO BOSHUKAIOIMe OTCIONAa CIC ACTBHA HMeIOT CyllecTBeHHOe 
WHaueHHe KaK JIA PawMalWMOHHOM XUMHH, TaK HM, BO3MOXHO, BOOOUe AIA XMMUH 
Ada peakUul, HLyWIMxX Yepe3 PaduKaJbI HW HMOHHI. ; 
| Bpipaxkaem npu3HaTembHocTb akay. B. H. Konapatbepy 3a WeHHy!o Auckyc- 
HWuio, a taxxe IT. HW. Kpneouocosy u B. H. Wamutesy 3a nomolilb npu CHATHH 
iN€KTpOB9. M1. Pp. H KOJWIEKTHBY BbICOKOBOJIbTHOM rpynnbl 3a NpoBeseHne 06- 
yuenna. 
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Jloxaagn Akagemun nayx CCCP 
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| 
PHZ3HYECKAA XHMH} 


Axanemuk A. H. '®PYMKHH ub. B. HAMACKHH 


“WSOTEPMA AJICOPBLLWM HA PTYTH KATHOHA 
TETPABYTHJIAMMOHH A 


t 


Vismepenue audbiepentiuasbHOl eMKOCTH ABJIAeCTCA OJHHM M3 BarKHeHLOM: 
MeTONOB H3yYeHHA akcopOlWMU NOBepXHOCTHOAKTHBHbIX OPraHH4ecKUX BellecT! 
Ha rpaHulle 31ekTpog/pactsop (1-4). Jaa oleHKH CTeNeHH 3anO/IHeEHHA NOBepx 
HOCTH aj\copOupyIouluMcs BelllecTBOM 8 B paye pabor (°~’) HCHOMbSOBaOCb ypap 
HeHHe 


C2, (striae 9, 3a 


roe Cy nu C’ — Bennunul AuddpepennasbHOH eMKOCTH COOTBETCTBCHHO MPI 
8 =0u 8 = 1. Ipumenumocts © ‘ypabHenns (1) aun onpegenenua 9 Opa no! 
cTaBuieHa moj, comHeHue Tlapconcom (8), Tak Kak emKOcTb C B OOulemM cy4ai 
He ABJIAeTCA JMHeHHOH dyHKune 9. CornmacHo PpymxKuny (°), Belu4uHa af 
COpOWHH JIMHCHHO CBA3aHa C 3apAOM MOBepXHOCTH 


© = e, (1 — 6) 4+ 8, 2 


re &) H &’ — 3apAy nOBepxXHOcTH CcooTBeTCTBeHHO mpu 9 =O un 8 = 1. Ka 
cylelyeT H3 ypaBHeHus (3.7) B (°), HomyuleHue, COrmacHO KOTOPOMY BeJIMUHHE 
&) H& MOXKHO CUMTATb MOCTOAHHDIMH, He ABJIACTCA BNOJIHe CTPOrHM, OLHAKO BHO 
CHMaA. STHM OLWMOKA O/KHAa ObiTb HeBenNKa. M3 ypaBHenua (2) caeayer 
C Wei ayeweniie a) 5, 
rye @ — notTeHivan snekTpofa. TlocnenHuli uneH B ypaBHeHuu (3) aABsaAeTCs 
MICEBAOEMKOCTbIO, CBAZAHHOM C MpolleccoM acopOunu — ecopOunn. Heyte; 
STOrO YleHa — OCHOBHaA NpHunHa HeNpaBHJibHOCTH ypaBHeHHua (1). YpaBue 
Hue (1) Qo2KHO ObITh NPHMeHUMO C JOCTATOUHbIM MpHOMM>KeHHeM: B OOWIACTI 
MaKCHMaJIbHOH afcopOunn (rae d8,dp ~ 0). IIpu norenunanax, rye npoucxo: 
AUT RecopOunsA OpraHHvyeckoro BellecTBa C NOBEPXHOCTH JIe€KTPOa, MPHMeHAS 
ypaBueune (1), CAEAYET MOMbSOBATHCA SHAYCHHAMH EMKOCTH, NOJYYCHHBIMH 9KC 
Tpanousluen kK OeCKOHeEYHO OOVIbLIOM YacTOTe NepeMeHHOro Toka (?), npH 1 KOTO» 
poH ujex, cofep Katy i d8/dp, ucuesaer. 

B Hactoalleh paOore no 2aHHbIM AuddepentinanbHOH eMKOCTH Cc: HOMOLIbIC 
ypaBHenua (1) ucceqoBaylacb 3€BUCHMOCTb CTeMeHH 3aNO/IHCHUA OT KOHUeHT 
pallu ¢ KaTHOHOB TerTpaOyTuamMoHuA (TBA). Ip ucnonb3syempix MaJiby 
KOHWeHTpalMAx [(C,H,),N]J wu OTHOCHTeNbHO BBICOKOM YacTOTe llepeMeHHOTrC 
ToKa (vy = 10 000 ru), BemM4UHHbI MCeBAOCMKOCTH OKA3bIBalOTCA He3HaUHTeNb4 
HbIMH (*); MOSTOMY HCKa?KeHHA, BHOCHMBbIe MCeBLOeMKOCTbIO B KpuBbIe 8 — ¢ 

4 


(3: 


npu SKCTPanod AMM ONBITHBIX 3HAYeCHHH eMKOCTH K Vso ot 0, He€BeJIMKH ¥ 


He MOFYT OTPa3sHTbCA, Ha BbIBOLaX HacTositleli paoorut. 

Cormacuo Ppymkuny (°),BcTyyae alcopOuuu OpranwyecKHx BeLecTB C JO 
CTATOUHBIM MOJICKYJIAPHBIM BeCOM CyleyeT OxKUJaTb S-o6pasHo cbopmpi § — G 
KDHBbIX: 


. 


0 ee | 
Be = 7—ye™®, (4) 


re B uy a—xkouctTaHTbl npu p= const. Benuyuna a 3aBucnt oT BaHiepBaasb 
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BCKOTO IpHTMKeHHA Mey alcopOupoBaHHpimMu vactuuamu. Kak. 6x10 
yka3aHO Hamu pauee (1°), npw adcopOuuu Karuona TBA us 1 N pacrsopos 
el, KBr wu KJ annoupi 

Ha BTaruBaiorca B Apol- = 49 - 
Wu SJIeEKTpHYecKHH con u 
eMYMBAIOT MpUTAraTeb- 
Re B8anMOelcTBHe Mexy — | g5 


cOpOHMpOBaHHbIMH OpraHu- 


| Ha puc. 1 npusexensi a 2 4 pe Boi) THe 
lOTepMbI ANCOPOLMU KaTHO- SOs 29g Tos 
| TBA u3 | AN pacrpopa Puc. 14. Usorepmer agcop6uuu Katona TBA x3 
, NoyyenHpie Hamu no 1% KJ. stim ete 3 same pe B (H. K, 9.) 
HauCHHAM €MKOCTH Ha 
jeKTpofle B Buse Bucayeli 5 
by THO Kann. M3mMepeHuA EMKOCTH MPOBOLMJINCb C NOMOUbIO CXeMBI UMTIe- 
HHCHOTO MOcTa, OnHcaHHOH pauee (1%), cnycta 2,5 MMH. moce oOpas0Ba- 
HHA YHCTOH NoBepxHocTH.. pTyTH. Cresyer 
OTMETHTb, 4TO 9TOFO BPeMeHH He XBaTaeT 
WJIA yCTaHOBNeHHA NOMHOrO | acop6unoH- 
HOrO PaBHOBeCHA MPH CTO/b MaJIbIX KOH- 
Wentpauuax 1(C,H,),N]JJ, nostomy nomyyex- 
-HbIe .H30TEPMbl aCOpOunH HE ABJIAIOTCA 
NOJIHOCTbIO PaBHOBeECHbIMM*. Kak BHAHO U3 
puc. 1, u30TepMbl afcop6unu ye B OOula- 
CTH MaKCHMaJIbHOH afcop6unu (ep = —1,]; 
—1,2.B npoTHB H. K. 9.) HMelOT XapaKTep- 
Hy10 S-o6pa3uyi0 cpopmy, KOTOPaa CTaHOBHT- 
ca Oolee BbIpaxKeHHOH MPH yYyBeJIMYeHHH 
OTPpHuaTesbHOrO §=moTeHinana. © Tlocnennnh 
pesyJbTaT TakxKe HaxOfHTCA B  corlacuH C 
TeopueH (°), Tak KaK MpuH yyeTe H3SMeHEHHA 
NOWaIW, Mpuxo_auleica Ha OHY ar 
COpOupoBaHHylO. MOvIeKysly, C NOTeCHWHaJIOM 
BeJIMYHHa ATPaKWMOHHOH MOCTOAHHOK Q@ B 
ypaBHeHun (4) omxKHa pacTH Cc yBeHu4e- 
HH€M OTPHUAaTebHOrO NMOTeHWHala NOBepx- 
HocTH, HM S-o6pa3HaAx opMa U30TepMBI 
NPOABJIAeTCA CHJIbHee. 
, Ha pune. 2 npuBeyenbl KPHBbIe EMKOCTH, 
eat ier es B pacrpope | N KJ + 
+ 10-°N [(C,H,),N]J Ha BucayueH. Kanse 
({ = 2,5 MuH.) M Ha KaneJIbHOM d1eKTpose 
uc. 2. Kpuppie nappepenunanpnoh (ft =4 cex.)**. M3 pucyHka BUAHO, TO KO- 
iwkocTu B pacrsope 1N KJ + yyuectBo afcop6upoBaHHelx HoHOB TBA B 
ier soli ( ems a cetes JaHHOM CJIy¥ae CHJIbHO 3aBHCHT OT BPeMeHH 
T 4N KS. 10000 ru: 25° t, npoTekulero Cc MOMeHTa o6pa30BaHua 
BY yucToH nopepxHoctu ptyTu. Tlostomy Kpue 


| * Bonee anutenpape MpoMexk yTKW BPeMeHH HE HCNOMb3OBaINCb HAMM, TaK KaK B STOM 
mydae HaOmOfanach ocTaBUIAACA MOKA HENOHATHOM 3aBKCHMOCTb €MKCCTH OT BpeMCHH: EM~ 
OCT MPOXOAH/a Vepes MHHMMYyM M He AOCTHPada IIPEACbHOTO 3HAYCHHA Jarxe BTeeHHe waca 
ypu pa3MeluMBaHHN STOT pe3yMLTAT, BO3MOXKHO, CBASAHHbIM C KAKHMH-TO MeAJICHHBIMH XHMH- 
eCKHMH H3McHCHHaMH TBA, Tpe6yeT AabHehWero HCCAeMOBanUA, 

ibe ake H3mMepeHuA eMKOCTH Ha KaneNbHOM SNEKTPORE OCYMCCTBAHCE no HOGG MaulO OTIH- 
piouelica oT onucaHHok Tpamom (4). 
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NOTCHUMAIOB MAKCHMaJIbHOH afcopOWMn, OTMMUAIOTCA OT aHaJIOTHYHDIX KPih 
BbIX, NOJYYCHHBIX Ha BIeKTpoZe B BHMe BUCAYeH PTYTHOH Karn. Tai 
3aBHCHMOCTb @—c Jia KaneibHoro 9ueKTpowa npu © = —1,0; —1,3; 
(H. K. 9.) B Ne€pBOM NPHONMxKeHHH MOXKET ObITh MpeAcTaBseHa TBYMA NPAMBING 
JIMHHAMH, H3 KOTOPbIX O1HA BbIXOAUT H3 Havasla KOOPAWHAT HaKJIOHHO K OC 
a6cllucc, a Apyras cootsercrsyer 6 = | (puc. 3). SaBpucumoctb 6 oT c, pacc4) 
TaHHad HaMH no ypaBHeHuio MpKopnyua* 


Un t/s 47/0 | 
6 —J lu es O6o7a a = 1,545. ire (Ff 
I = SD | 
O4eHb OAH3KO NOAXOANT K 9KCHEPHMeHTAIbHOH KpHBO Mp P=—1,0 B (pue. c) 
Dror pesyAbTAaT NOKasbiBaeT, ITO IPH AaHHbIX MOTeHIMaaxX BeMYHHA acop} 
10 rhe = Bs 
G8 
t a6 
BS 
04 


a 2 4 6 g 0 
C104 —> 

Puc. 3. MsoTepmpt agcop6unuu katuoHa TBA u3 1N KJ: 2—9= 

=— 1,08; 3—o=—1,3 B} 4—gp=—1,4 B; 5—p= — 1,47 B; 

6—o=— 1,608; 7—o=—1,53 B (H. K. 9.). t=4 ceK. 


25°. Ipaman /—pacuer mo ypaBHenuio MapKopuya 


Wun KaTHoHa TBA B culyyae KaledbHOrO SIeKTPpOJa NOYTH NOMHOCTbIO Onpes 
JIs€TCA KOJIMYECTBOM HOHOB, YCneBLIMX Mpodud@dyHAMpOkaTb K MOBepXHOCT 
ptytu. IlonyyeHHbie HaMH JaHHbIe HAXOJATCA B COriacHH C BbIBOJamu Jlenaxe 
u Tpaxtex6epra (°) H npoTuBopeyaT pesybtatam JlaiiruHeHa u Mosepa (7 

IIpu 6omee OTPuaTeIbHbIX NOTeHIMaaxX, HECMOTPA Ha SJ1EKTPOCTATHYCCKG, 
IIPHTAKeHHe, ANcopOUuuA OobWIMX OPpraHHyYecKHX KaTHOHOB Ha MOBePXHOCT 
PTYTH yMeHblUaeTCA NOACOHO afcopOlunu HelitpabHBIxX MoeKys (2%). [lostom 
AJA NOJYYeHHA TOH 2Ke CTENeHH 3aNOMHEHMA B 9TOM CyyUae CeMyeT yBeEMMIHI 
KoHvenTpauuo =[(C,H,),N]J. [pu stom eo3pactaer auddy3voHHbli noT¢ 
KaTuoHop TBA xk nObepXHOCTH PTYTH H, CJIeMOEATeIbHO, H30TepMa acopoun 
mpHOMxKaeTcA K PaeHORecHOH. Tak, npu c = 4:107* N xomnuectBo MOHC 
TBA, npnxocuMbix noToKOoM Juddy3sun K NOBepXHOCTH PTYTHOM KanwM ¢ 
4 cek., JOcTaTOUHO JIA OOfasOFaHHA NpuMepHo 6 MoHOcoeB.B sTux ycsOBHA! 
KaK BHHO H3 puc. 3, 3aBHcHMOCTb § — c npHoOpetaer xapaktepHyto S-o6pa: 
Hyl0 @opmy. Hakonell, npn elie Golee OTPULWaTeIbHbIX NOTeCHWMaaX B3anMOje; 
cTBHe MexKAy acopOuporaHHbima woHamu TBA uactosbKo BospactaetT, 
NpOuCXOANT CKayKOOOpasHoe Uu3MeHeHHe 8 NpH yBeMYeHHM Cc. SroT pesyubTe 
NOATEepKJaeT FaHee BbICKASAHHOE NpeANOO*ReHHe O CKAYKOOOPasHOM Pa3p" 
WWeHHH MPM OMNpefleeHHOM NOTeHIMase alcopOLMOHHOTO c0A, O6pasyrolleroc 
B pe3yJIbTaTe B3aHMOJeHCTBHA KaTHOHOB TBA, JonomHHTeNbHO CBA3AHHBIX aH 
Hamu Hoga (?°). 


* B  ycaopuax onbita m= 1,68 mr/cex; S = 0,03 cm?; t= 4 cex. Koaduunent audbdbysi 
D waxofuaca mo dopmyvie Hepueta 3 NOABHAKHOCTH KaTHOHa TBA, a npegenbuaa acc pou 
T 743 TeEOMeTPpHYECKHX PpasMepoB STCTO KaTHOHA. TaKH¥M COpa3om ObI0 Haligeno D= 5,18 -1¢ 


cm4/cek HT’, = 2,17- 10-1° moab/cm?. 
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|| 1a mpopepku npumenumoctn pasBuToh PpymKuHHim Teopun (9) K alcop6- 
lH NOBEPpXHOCTHOAKTMBHbIX KATHOHOB HaMM Obiwia TakK%Ke paccunTaHa 3aBHcH- 
‘PET alcopOunu KkaTuoHoB TBA or norTeninana aexTpoga. TockoubKy capur 
FIKH HyJleporo 3apsyfa (Tr. H. 3.)B 1 N KJ nox Bpauannem He6onbumux 106a- 
sk [(C,H,),N]J Hepenux, To npn 8=const (Hanpumep, 4=0,5), cornacHo Teo- 
mu (°), Noy4uM 


Cc a 4 Co — C’ 
Se = Pir 2 te (6) 


b @¢—MOTeHUHall S/IeKTpOla, H3MepeHHbIi OTHOCHTeIbHO T. H. 3. H Cy— 
MameHTpauMa TBA, coorsercrsyiomad §9=0,5 Bt. H. 3. (p=—0,83 B 
Potus u. kK. 9.). Tonarax Cy—C’= 14 ud/em? au Ty, = 2,17-107!° monp/cm?, 
uryuaM 


Ig : = 5,67¢2 = 5,67 ( + 0,83)2. (6a) 


| Benwuuna cy Obla HaliqeHa m0 ypaBHenuto (6a) M3 OMBbITHBIX JaHHbIXx 
Hu o = — 1,53B ucocTaBlsanac, = 1,195-10-° N. Npusogzum paccunranuple no 
aBHeEHMIO (6a) MH 9KCNePHMeHTaIbHO HalijeHHble BesMuuHDI c-104, cooTBeT- 
iByrolue § = 0,5: 


@, B (H. K. 9.) —1,53 —1,50 -—1,47 —1,40 —4,30 
Pacuert (BOY AGS ESO MOSES UO Pals 
Onpit Ts2 Meo DAA ANA) (0) ays) 


BuyHO, 4To mpu noTeHuvanax —1,50 u —1,47 B Ha6OsoJaeTca xopoutee 
ruiacve pacueta U OMbITa, KOTOPOe YKa3bIRaeT Ha KOJIMYECTBEHHY!O MpHMeHH- 
NCTb TEOPHH (*) He TOJbKO B CuTyyae HEHTPasbHbIX OPraHHYeCKUX MOJIEKYJI, HO H 
DBePXHOCTHOAKTHBHBIX kKaTHOHOB TBA. IIpu menee oTpulaTebHbIX MOTeH- 
jManax PaCCU4HTaHHble BeJIMYMHbI C 3AMeTHO Me@HbIUe OMNbITHDIX, TAK Kak all- 
pOuna KaTHoHop TBA 3yecb oruacTu onpefennerca Auddy3suel u 3aBucu- 
jocTb § —c He OTBeYaeT PaBHOBeECHbIM M30TePpMaM ajcopOuun. 


Tloctynuao 
10 1X 1959 


WHTHPOBAHHASA JIMTEPATYPA 


|) 1A. KcexvogoutTos, M.Iipockypuun, A.Topoxeukaan, KKOX, 12, 
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Jlornayn Akagemunu nayk CCCP 
1959. Tom 129, Ne 4) 


UZHYECKASI XHMHi 
B."B.” 9PLIJIEP 


['-3AKOHOMEPHOCTH MPM JEMCTBMM H3J1Y4EHHH} 
HA PACTBOPbIi 


(ITpedcmaeaeno_“akademukomJA._H. Ppymxunom 14 VIT 1959)}3 
1 

Mogemb o61yyaemoro pacTBOpa C paBHOMepHO pacnpeseseHHbIMH B OOBE! 
Me paWKaslaMH WM MOJeKYAAPHbIMH MpOAykTaMM OOULeMPHHATA B paMalHony 
HOH XHMUM pa3sOaBeHHbIX pacTBopoB. Mbi paccMOTpHM OcoOble 3aKOHOMep} 
HOCTH, KOTOpble JOJPKHbI HaOuOMaTbCA B TeX ClyYanx, KOrfa TakaA Moves! 
NpHMeHUMa. 

Ilyctb B O6my4uaemoM pactBope HAXONATCA UACTHUbI 11, tMo,..., Mp, ABE 
JIAIOULMECA PaWKasaMW HW MOJIEKYJAPHbIMH NpoLyKtamu. Byyem cuutatb, uty 
MeXxKIy STHMH 4YACTHIAMM MpOTeKalOT. TObKO OHMOJIEKYJIApHbIe peak 
Torga JIA YaCTUbl m; MOXKHO 3aNucaTb ypaBHeHHe 


3 => — ; - 
y Ry (Cr:) (Cn,) a >) k; (c1,) (cz, ) ay I Os — d. Gm, . (1: 
g; i , { ; 2 
Go — «Hada JIbHbIM» BbIXOJ YaCTHIL /71;, T. e€. yvico 3TUX UAaCTHIL, BOSHHUKAW, 
at the 


(MX HenmocpexCTBeHHO 3 BOsbI Nocme normoujenua 100 9B aHepruH u3my4e 
HHA; Gm,—OOUlMM BbIXO YaCTHIL Mm, T. €. YMCMO STMX YACTHU, BOSHHKAIO: 


WINX HW B..pe3yJlbTaTe HeMOcpeACTBeHHOrO BO3AeHCTBUA M3syYeHHA Ha BOY: 
MB pe3yJIbTaTe Pa3NMUHIX BTOPHYHbIX OMMOVJIEKYJAPHbIX peakUHit, HAYULM? 
B  pacTBope, 34 MpOMerKYTOK BpeMeHH, B TeyeHMe KOTOpOrO — norjoujaetes 


100 ‘3B PERL H3s1yueHHA. Hog siaxom S\ wantcatta cyMMa ckopocteli Ou: 
é 

MosleKys1ApHEIX peaxuui 1, 2,...,. Mp KOTOpbIX BOSHUKaeT YaCTHUAa 1,3 snlect 

Ry C Pa3/IMYHbIMH 3HAYCHHAMH HWHAeKCa M— KOHCTaHTbI CKOpOcTelt peakuue 

BOSHHKHOBCHUA YACTHILbI 17; Ca, H Cn, —KOHUCHTPallMM YaCTHIL, YYaCTBYIOULMD 
<_ 

B peaknun n. HOR guaKom D\ TaKaa %*Ke CYMMa 3allHcaHa naa peakuuit /, npr 
t 

KOTOpEIX yunuToxaeren yacTulla m;; wuHeKc «l ApuoOperaer 3HayeHHe HOME: 

poB BCeX peaKUHH, MpH KOTOPbIX YyHHYTOKAWTCA yacTuubl m;. | — 9Heprus 

W31yueHHA, NormouaemMaA pacTBOpOM B cekyHAy. 3a egununy J npunate 

nornoujenve 1O0N 9B/n-cek, rae N—uucno Asoragpo; KOHUWCHTPallH  BBI- 

pa2xkeHbl B MOMAX Ha JIMTP. 

TlockoubKy KOHICHTPallHM pauKaJIOB MaJbl, TO B Te ypaBHeHus (1), KO: 
TOpble HaNHcaHbl Avi pasMKaslos, CilexyeT MoxctaBuTb G,,, = 0. B ypaBHe 
HHA JIA TeX PalvKaJIOB, KOTOPble He BO3HHKalOT HeMOCpeACTBeEHHO H3 BOUL 
{(Hanpumep, HO,), clegqyeT moxcTaBuTb, Kpome Toro, Cr O. Hakoneu, £ 


YPaBHeHHA JJIt MOJIEKYJAPHbIX MPOAyKTOB, He BOSHHKAIONLUX HenocpesCcTBeHHC 
W3 BObI, OUeBAAHO Tak2xke HyKHO noscTaBuTb G® =0. B_ pesyaprare 
L 


noslyunTca CHcTeMa 43 k ypaBHeHHi, NOJHOCTbIO XapakTepu3yloljad noBese 
866 


WaHHoro oOslyyaemoro pactBopa. Pewenue Tako cucTembt Cc 6OJDIINM. 
JIOM HeH3BECTHBIX, BXOMAUIMX He B NepBOH CTeMeHH, MpescTaBJneT Tpyy- 
TH; ONHAKO, KaK Mbl MOKaKeM HM2Ke, HEKOTOPble BaXKHble CBOMCTBa 9TOH 
ITeMbl MOX%KHO YACHHTb, He HaxOA ee peulenua. 

1. Cramwuouapuble coctoxuusa. B stom caygae pun Bcex k yac- 
JOJKHbI ObITb BbIMOJIHeHbI yCJIOBHA 


Cn,= 0. (2) 


\Jonctapus pasencTsa (2) B ypaBHeHua (1), mpl nomyuum cuctTemy u3 k 
ABHeHMM, COMeprKauluxX k WeM3BeCTHbIX KOHIeHTpalul. Paccmorpeuue ee 
Ka3bIBaeT, 4TO KOHIeCHTpallMH BCeX uaCTHLL 

HTallMOHaPHbIX YCOBHAX JOJKHbI ObITb-pAMO 

DNOPUHOHANbHbE * ['2,,  , 

|| TakuM oOOpa30M, Avia Bcex Rk yacTun Hawe 

fide, mpu Hammunn k& ypasnennit (1), Kpu- 

He Gm,[/'] B CTaMOHAPHbIX YCJIOBHAX OMxK- 

| ObITb NPAMbIMH JIMHMAMH. 

Ecnu okaxKeTCA, 4uTO O2HO U3 HalUMx -k.- 
BHEHHM NoJyYaeTCs H3 OCTAJIbHbIX (YTO MOXK- 

BbIACHHTb, He pelllad CHCTeMbI), TO CHcTeMa 

jeeT OMHY cTemeHb CBOOOMbI, T. e. B CTa- 

HapHbIX YCJIOBHMAX KOHUeHTpalMio OHOL 

B\-THUbI, HalNpHMep, YaCTHIUbI /71,, MOXKXHO Me- Wey 
jt MPOUSBONbHO. Ana sToro. ciayyuan moct-. 
W4M [pH HeKOTOPOM MHTeHCMBHOCTH u3iy4e- 
a J, Kp¥Bble 3aBHCMMOCTH 13 Cm, OT IZ Cm, WA 
TaJlbHbIX k—1| uactuu. H3 ypasuenui (1) 
OCpeACTBeHHO CuIeqyeT, UTO NpH nepexoge K HOBOH MHTeHCHBHOCTH Jy BCce 
KPMBble, He MeHAA CBOeH (*PIpMbl, NEpeMeCTATCA, OCTAaBaHCch MapasJe/b- 
ima ceOe, Ha BesMYMHy MpHpocta IZ /'* Kak BOub OCH I$Cm,, TAK M BMOJIb- 
fia Igcm,. Takoe mepememenue HeKOTOpOH MpousBONbHO KpuBOM Ig Cm, TPH 
Himenenuu unTencupnoctu J noKa3ano ua pre. |. 

} Ecau okaxketca, 4TO p ypaBHeHuf NoJlyuaioTCA W3 OCTAJIbHbIX, TO MOXKHO. 
WOH3BOJbHO MCHATb KOHICHTpallHio Pp YaCTHL, HaNpHMep 11), Mz,..., Mp. 
perpoun A CTaWMOHAapHbIX YCNOBMA KPHBbIe 3aBHCHMOCTH I8Cm, OT IZ Cmy 
WA JaHHo wHTencuBHoctTn J, HW Mpov3BO/IbHO BbIOpaHHblX 3Ha4eHHH KOHILeHT- 
muti p—1 «cBoOogublx» yacTuu, HampuMep (Cm,)i, (Cmg)is-++ (Cmp)1- 3 R—p 
)aBHeHHi, XapakTepH3ylOUlHX Temepb CHCTeMY, BHJHO, YTO MpH Nepexose K 
ireHcuBHocTH J, BCe STH KPUBbIe CUBHHYTCA, aHaJlOrHyHO KpHBOH puc. L, 
IM H3MCHHTb KOHUeHTpaluH p—Il  «cBOOOMHbIX» YaCTHIL JO 3HayeHHH 
im,)2 B COOTBETCTBMHM C COOTHOUIeHHeEM 


id 


Puc. 4. /''-3aKoHomMepHoctTS 
JIA CTalMOHapHbIX yCOBHH 


Cae tOsy CAR ny Se 
eu cot ae Ae ie ple (3) 
(Cm,)2 (Crn,)2 Mp 2 If 
2. Hanuuue mpouecca. Paccmotpym cayuaii, Korqa Gm,—-O u 
In, 0, a WA OCTaNbHbIX yacTu 3, 4,..., & BbIMONHeHBI ycnoBHsA (2). 


TIpumMem, 4TO yacTHUa ‘M, BO3HHKaeT 3 YaCTHUb! Mm, U, C/leMOBaTeJIbHO, 
HU G,», CBA3AHbI JIMHEHHOH 3aBHCHMOCTbWO. 

| Tlogctasus B k ypapHennii (1) BMecTO Gyn, ero JIMHeliHOe BbIPAkeHHe ue- 
3 Gin, Mbl NOMy4uuM k ypaBHeHHit, comep»xKaulHx k + | HeH3BeCTHbIX (a iMeH- 
iP, Gm, WM R KOHWeHTpauMit). MeHaAA MNpOM3BO/IbHO KOHUEHTPallHio My, NO- 
poum ja wHTeHcuBHOcTH /, KpHBy!O 3aBMCHMOCTH Gm, OT I8Cm,. M3 Hawen 
CTeMbI ypaBHeHHit calesyeT, YTO Mp Mepexoge K WHTeHCHBHOCTH 7, ota 


mw 


| * Slefcteutenbuo, B STO CHcTeMe ypaBHeHHt HeHSBeCTHbIe KOHWeHTpaluM YaCTHM BXOAAT 
pIbKO B BAAC NPOM3SBEACHHA ABYX HEM3BECTHBIX, a BCC CBOOOAHbIC WIeHbI COMepKaT MHOKUTCAB 


B MepsBow cTeneHH. 
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KPHBaa, HE MeHSs (COpMbI, CMeCTHTCA NapasiesbHO ceOe BYO/lb OCH Ig cil 
Ha BelMuuHy Npupocta Ig/‘?, Dro mepemelleHve AIA HEKOTOPOH MPOu3BOI|§ 
Holi KpuBoli Gp, MoKa3aHo Ha puc. 2. Hamuynve 3aKOHOMePHOCTH, HJIJIOCTP 
pyemol puc. 2, ObllO HeaBHO BbIABJIGHO SKCIePHMeHTAJIbHO Ha MpoOlec) 
payualuuMoHHOrO pacnajla nepeKucu Bogoposa (’). | 
Tlogo6upii aHamu3 coxpaHseT cCHJIy Jilin CHCTeMbI C JHOObIM UHCI H 
creneHeli cBOOOJBI H C JWObIM COOTHOLWCHHEM Me2K]y BBbIXOaMH UaCTH} 
Yka3aHHble BbILe Be oOULI | 

3aKOHOMePHOCTH payHosM3a, OOA3/ 
TeJIbHbIe: 1) Ayn CTaMOHAapHbIX ycJ) 
Bui uM 2) WA pagMallMoHHOrO Mp| 
wecca, OY€BHAHO, cipaBeJHBbI Ay) 
BCeX THNOB H3JIyYeHHA, ec Bep) 
yNOMAHYTad BbIWe MOfedb oOsyIay 
MOrO pacTBopa. STO cueAcTBHe If 
3aBHCHT OT MeXaHH3Ma mporeccs 
T. @. OT KOHKPeTHBIX peaKUHH, BKJIE 
i YeHHBIX B ypaBHeHHe (1). Takes 


} 


Won 06pa30M MOXKHO CieJaTb csleqyroul 


BbIBO/JIBI. . 

1. Bpmonmnenne J'-3aKOHOMepH] 
cTeH MOXKET CJIYKUTb KPHTepHE 
CTeNe€HH MpHMECHHMOCTH MOJeH Dd 
pa3HbIX THIOB M3uyyeHuH u cuctem. JleficrBuTembHO, yemM OObIUaA Os 
paluKaJIOB ycleer mpopearupoBaTb B 30He TPeKOB, He BHIMAA B OObeEM pa 
TBOpa, TEM MeHee OyAyT 3aBHCeTb CTALMOHAapHbI€ KOHILCHTpallHH MOJIeKyJIA} 
HbIX TIPOLYKTOB H BbIXOJbI OT HHTCHCHBHOCTH M3JIVYeHHA HU, CJICAOBaTeJbHi 
TeM B MeHbIeH Mepe OyAYT BHIMOMHATBCA OGe /*/2-3aKOHOMepHOCTH. B mpi 
Wewle CTalMOHapHble KOHILCHTpallMH WH BbIXOJbI MOryT BOOOILe He 3aBHCeTb 
BeJIMUHHbI J. . 

2. Ilo Benuunne Hapywienui /'2-3aKOHOMepHOCTel MO2KHO, T0-BHAHMOM™ 
OWeCHHBaTb JOJO pauKaJIOB, He YCNeBIUHX BbINTH H3 30HbI TPeKOB. 

3. Tlomumo sToro HapylieHua /'/-3aKOHOMepHOCTeH MOET Mpoucxonut| 
M3-3a4 MpOTeKaHHA B OOJIyYaeMOM PacTBOpe KaKUX-HOO He OuMOseKYJAPHb| 
peak HIM NPAMOFO JeHCTBUA H3yYeHHA Ha PpacTBOpeHHble Belllectea. B Te) 
clyyaax, KOra MPHMeHHMOCTb MOJeIM O4eBHHa, HasMuNe TakUX 3dexkTOl! 
CJIEQOBATeIbHO, TAKXKE MOXKET ObITb BLIABJICHO NO STHM HapylleHHaM. 


Puc. 2, j'/23aKOHOMepHOCTh fd pajlHallHoH- 
Horo mpowecca 


Tloctynuao 
23 V1 1939 


UHMTHPOBAHHAS JIMNTEPATYPA 


ti960), B.opmaep, M.A.Hexespeuxko, T.T.Macumesa, JAH, 126, Ne 


868 


Joxnxagn AKkagemunu nayx CCCP 
1959. Tom 129, Ns 4 


XHMHYECKAA TEXHOJIOTHA 


B. M. FJIA30B u C. H. YHKEBCKAA 


D TEPMHYUECKON YCTOM4MBOCTH AHTHMOHHYAOB AJIFOMHHHA, 
_ TAJWJINA W AHAWA, PACTBOPEHHDbIX B PACIJIABJIEHHOM 
rEPMAHHU 


(ITpedcmaeazeno axademuxom IT. B. Kypdtomosoim 13 VII 1959) 


}| Sagayeit nacTosuleli paOorbl ABIAeTCH PacCMOTPeHHe XapaKTepa MexKMO,Ie- 
yIAPHOTO B3aMMOselicTBuA B CHcTemax Ge — Al!Sb (rye Al! — Al, Ga, In) 
KHJIKOM COCTOAHHH C TEM, YTOObI Ha OCHOBe STOO CeNaTb 3aKJOUeHHE O CO- 
OAHU AHTHMOHMAOB aJIIOMMHHA, Fa/JIMA HW MHAMA, paCTBOPeHHbIX B pacmaB- 
EeHHOM repMaHHH. ITO, OYeEBHAHO, NOMOXKEeT PelleHHIO NpOOJeMbI COCTOAHUA U 
HAMMOJeHCTBUA sIerHpylOlwuX LOOaBOK HM MpHMeceli B NOMYMpOBORHUKAaX BO- 
Sule H B JaHHOM cylyyae — B OJHOM M3 BaXKHCHUMX NOJYNPOBOAHHKOBBIX Ma- 
i:puasoB — repMaHuH. 
| B paGorax (*~*) qaH Mero, aHau3a XapakTepa Me2KMOJIeKYJIAPHOFO B3aHMO- 
iPMCTBUA KOMMOHEHTOB H HCCJIENOBAHO BJIMAHHe Me?KMOJIeK yJAPHOFO B3aHMOsel- 
fitpua Ha paBHosecne (a3 B OuHapHbIx cuctemax. IIpu 9ToM, HCXOA U3 ycOBUA 
MHUMyMa CBOOOAHOM 2HEPrMu CHCTEMBI, OblVIM NOJIyYeHbI ypaBHeHuA, XapaKTe- 
u3yloulMe WByxda3Hoe PpaBHOBeCHe UM CBASHIBAIOLINe TeEMNepaTypy C KOHLWeHTpa- 
MAMH COCYLLeECTBYIOWINX a3: 


RV IV = ROL x (14 — x)*V’ — (1— y)?V" + kgpTp 
By = ‘ anckee I ee , (1) 
aes at spat atl 


ne ga H Gu — 2HTPONHU NWaBJIeHHA KOMIIOHEHTOB (OTHECeHHbIX K OJHOH MO- 
feKyJle), JeeHHbIe Ha MOCTOAHHYIO BompuMaua 


eo; pis 
ii We ee 


Qa u Qa —TeNOTE! NaBmeHua KOoMMOHeHTOB). V’ u V”— sHeprun cmMelle- 
iu OOeux cas. 

| QOctTasbHble OO6o3HaueHHA B ypaBHeHuu (1) oOmenpuHATHie. 

| Ecam pacTBopHmocTb B TBepAol (ase OTCYTCTBYeT HIM OHA HaCTONbKO 
if YTO, C10 MOXKHO TpeHeOpeyb,’ ypaBHeHue (1) mpnoOperaer Oonee mpo- 


eV’ © baa (T, —T) + AT In 1—x) =0 (2) 


#9TO ypaBHeHHe JIeBOH BeTBH JIMKBMAYyCa). 

| Uro6bt BocnoOb30BaTbCA YKa3aHHbIM METOJOM JIA PeleHHA NOCTaBJIeHHOH 
pajlauH, HeOOXOAMMO 3HaHve jlMarpamM coctosHua Ge— All!Sb uw TenuoTHl 
[Wiapnenua repManua. KsasuOunapHbie cucTtempt Ge—A!!Sb, nosomenve 
KOTOPbIX Ha KOHI[CHTPall[MOHHOM TpeyrombHuKe Ge — Al!!—Sb noKasaHo Ha 
puc. 1, omucbiBaioTrca JMarpaMMaMM COCTOAHHA SBTeKTHYeCKOrO THMa C OF- 
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AtTom- ATom- 
T- T- ; : T-pa T-pa an} 
CucTema zon V’/k uve pacer. Cuctema joss V’/k Dee pacueT | 
Ge —AISb] 0,964 1203 4202 Ge—GaSb)0,520 | — 927 968 957 e 
0,920 1188 1187 0,400 | — 494 918 9434) 
ORGe Ome O 133} lay 0,380 | — 482 905 i 
0,750 , AAD AA, i 
Oe Ge—InSb |0,880 |—14800} 1112 1180! 
petal 1S ene oe 0.760 |— 4320] 1058 | 441748 
Geox Gash 0,840 |—9110} 1092 1155 0,580 |— 1706 973 1048 y 
e459) 0,700 9910! Loeb 1106 0,270 |— 457) 818 880.8 
0,720 |—2920| 1048 1070 0,210 j— 348): 779 8348 
0,63U |—1600} 1014 1045 


aHTHMOHHJOB aJiOMHHHA raJwIMA W WHOMA B 
3HaunTevIbHa (°), 


Hav pen 2 


JIA COOTBETCTBYIOULHX PacueTOB ypaBHeHHe: ( 


TBepOM TepMaHHH BecbMa 
YTO NO3BOACT HCNOb30Ba" 


NpuBeeHbl KPHBbIe JINKBULYC 


COOTBETCTBYIOWWNE NepBUYHOH KpucTannN3sall 
repMaHHS) B STHX CHCTemaXx. TennoTta mraBll 
HHA repMaHHA MO nocneAHUM JaHHbim (7,%) pas 
Ha 8,1 — 8,3 kxan/r-at. Pacuetbl, npousBele 
Hbie C MOMOLUIbIO ypaBHeHua (2), nOKa3biEalc 
4YTO TPH CMe€WeHHH AHTHMOHHa asIOMHHHA 
repMaHHeM SHeprHsn cmeweHHs V’ 6nu3ka K HI 
JO, 4 SKCNEPUMEHTANbHO ONpeeseHHaA JIMHE 
JMKBUAyca NpakTHYeCKH COBNaaeT C BbINHCMe 


Puc. 1. Tlonomwenwe paspesos HOW (npn V’ = 
Ge — AlSb, Ge — GaSb u Ge — To cBuaete 
— InSb Ha KOHUeHTPalMOHHOM = ayeuMoHuna an 


tpeyrombuuke Ge — Al!!! __ Sb 


IOT 3HAUHTEJIbHbIC PACXOMMCHHA MEXy sKcHIe 
BbIUMCJICHHbIMH TO ypaBHeHulo (2) i 

B mpeqnonoxenuu V’ =O aunua- © 

MH JIMKBMAyca (puc. 2). OHeprua 
CMelUe€HHA B STUX CHCTeMaX OTPH- 
WaTeIbHa, YTO CBHETEIbCTBYeT O 
Ooulee CHJIbHOM XHMHYECKOM B3aH- 
MOJeHCTBHH Mex Ly pasHOposHbIMu 
yacTuulamu ("). Kpome toro, ona 
He ABJIA€TCA MOCTOAHHOH, Kak 9TO 
OObIuHO ObIBaeT B CJIyYae OuHap- 
HbIX CHCT€M, a pacTeT (nO a6co- 
JHOTHOH BeH4HHE) NO Mepe pocta 
TemnepaTypbl JIMKBUAyca u CooT- 
BeTCTBCHHO CTeneHH pa3sOaBeHun 400 
pacrBopa. 

CneflyeT 3aMeTHTb, 4YTO 0 
XHMHYeCKOH mpuHpose  pacnua- 
Bbl AHTHMOHHOB rasivIMA H MHA 
BOJIH3H COOTBeETCTBYIOWIHX TeM- ~ 
nepatyp KpucTaiMgsaluu O4eHb OM3KH K 
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" Puce. 2. Jlun 


Wfeanbubim. IlpH o6pa3s0RaHuu Ke pacTBopc 
AHTHMOHHAOB raJiJIMA WH YHAMA BTrepMaHHH H 
OO LatOTCA SHAYMTEJIbHbIC OTCTYMJICHHA OT UeasIbHOCTH, O YM CBUETeCJbCTB: 


O) (cm. Ta6u. 1). cell | 
JIbCTBY€T O TOM, YTO PacTBOE 
IOMHHUA B TepMaHHH OIM3KH | 


PHMEHTAJIbHO OMpe]eJIeHHbIMH | 


5 


2 


20 30 40 50 60 70 80 S0 mond 
ANS 


MM JIMKBUAyca, COOTBETCTBytoulhe Me 


BHYHOK KPHCTaJJIM3alHH TepMaHHA B CHCTeM. 


Goa tsp 


aHTHMOHHAY amiomanua (°-) 


OyuakO AaHTHMOHHIbI Tada WM WHAWA SHAYHTeMbHO MeHee TepMHUeCE 
ycTOHUHBbI, EM AHTHMOHH amiomunua (1°). B cBpa3u c 93THM CTAHOBUTCH O4 
BUHbIM, YTO 3aMeTHbIeC OTCTYMICHHA OT HfeabHOCTH H HawM4He 3HauNTeN 
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TO XHMHM¥YeCKOTO B3auMOxefcTBHA MexKLy pasHOpoAHEIMM YacTHILaMH pw 
pa30BaHHH PaCTBOPOB AHTHMOHHAOB TralviuA WH UHDUA B TepMaHHW CBA3aHO 
aJIM4HEM B HHX CBOOOJHBEIX ra/iIMA, HHAMA UW CYPbMbl, NOABMBLUUXCA TaM B pex 
WIbTaTe MHCCOUMALMH COOTBETCTBYIOWIMX XHMHYeECKHX COeMMHeEHHH. ITO nos 
p2kaeTca TeM, YTO NpH OOPasoBaHHU PaCTBOPOB YKa3aHHbiX J/IEMEHTOB B rep= 
WHHH OTKJIOHEHHA OT HeanbHOCTH Ha- 


 aBJICHD B TY Ke CTOPOHY, NTO H B Cyyae 192 
jcTem Ge— GaSb nu Ge — InSb. Oue- 164 
J}4HO, H3MeHeHMe SHeprHn CMeLIeHHA NpH 476 
pasoBanun PpacTBOPOB (cm. tTa6n. 1) 168 
jagaHo C H3MCHEHUAMH CreneHH ucco- a 
Wall AHTHMOHHJOB Tava W HHOIWAB ol% 
HOTBeTCTBHH ¢C H3MeHeHHeM TemnepaTypbI 


) XOAy-JIMHHH JIMKBHAYyC B STUX CHCTeMaX. ; 


_ Han6oee HarmadHo rpacuyecku onu- 9 G30 00) {0 20 ff 

HHY!O KapTHHY M@XKMOIeK yAPHOFO B3a- + 000 

OflelicTBUA MOXKHO MpOusOCTpUpORatb, Puc. 3. Sasucumcct Intge— 
BdecTaBuB 3aBHCMMOCTb sOrapudMa KOH- — AIT py B CacTemax Ge—Alll gp, 


HTPallWH KOMNOHEHTA (B JaHHOM csly4uae 
i pMaHUusA), KPHCTaIM3y!OUlerocsa nepBuY- 
D, OT OOpaTHoH Temnepatypbhl WuKBUAyc, KOTOpHle B’cyyae OOpasoBaHus 
JeaJIbHbIX PaCTBOPOB CBASaHbI NPAMOM 3aBHCMMOCTbIO (ypaBHeHHem Llpeze- 
fi — Bant-Iodda) (°). 


Inx = —— “Cc; (3), 


ye Q—tTenmoTa miaBleHua, C — nocTOAHHasA BeJIMUMHA. 

Ha pune. 3 npupezenst sapucumoctu In xge—1/Taux Ana cucrem Ge — 
MISb, Kak cefyer u3 9Toro rpatbuKa, B cny4ae cucTemp1 Ge — AlSb 3aBn- 
cumocth In x%¢e— 1/Tanx VIBE 
HeHHa, NpHyemM TenmloTa mMlaB- 
meHua Ge, BbIUNCIeHHaA NO. 
TaHreHcy yrvia HakKJIOHa STON 
mpamou, paBpua 8,3 kkau/r-ar., 
T. €. B TOUHOCTH COOTBETCT- 
ByeT 9KCIePHMeHTaJIbHO Onpe-— 
esieHHOH TenioTe mlaBsie- 
Hua (8). B cayuyae Ke cucTem 
Ge — GaSb u Ge — InSb ua- 
Ot0aoTCA 3aMeTHbIE OTKJIOHE- 
HUA OT ypaBHeHua (3) MpH Bbr 
COKMUX TemnepaTypax, OHaKO 
| 900 = gw 100 110 120 130 Tp Oosee HU3KUX TeMMepaTy- 
I 1000 fp ———>— pax JIMKBMAyca, COOTBETCTBY- 
IOWMX JBOWHbIM pacTBOpaM C 
OoubWWeH KOHUeHTPalluen aHTH- 
MOHMJOB raJJIMA WH HAHA, Jo- 
BOJIbHO XOPOIO BbINOJIHAeTCA 
HMHeHHaA 3aBucumocTb In Xge —1/Tayx, MPHYCM HAaKJOH OOeCHX MPAMbIX 
pakTHYecKH TakOH %e, KaK H B cucTeme Ge — AISb. Cuegyer oTmetuts, 
TO Ha 9TOM yuaCcTKe KOHUeHTpallul uw TeMMepaTyp SHEPruA CMelWeHHA CpaB- 
HTeJIbHO HeBesuKa (Tabu. 1). pen 
OueBufHO, BCe 3TO CBUJeTeIbCTByeT OO YMCHbIWCHHN CTeNeHH AUCcOMMalHH 
MX coeqMHeHHH mpH Oomee HU3KHX TemnepaTypax. IIpeacTaBeHue HHUA 
AKBUJLYCa ,COOTBETCTBYIOINNX NEPBUYHOH KPUCTAJIN3aWHH FepMaHHA B CHCTeMaXx 
he — Alll y Ge — Sb B nosysorapudmnyeckux KOOpyuHaTax (puc. 4), MOKa~ 
pIBaeT, UTO OTKJIOHCHUA STHX MH OT MPAMOHM, COOTBETCTBYIOMeH HLeaIbHbIM 
acTBopaM (Ha puc. 4 9Ta JMHUA NOKa3aHa NYHKTHPOM), HallpaBJIeHbl B Ty Ke 
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Sea SS 
SSS 


uc. 4. (Sapucumocts Inxg,— 1/T 


| 


| 


mux B CHCTe€Max 


Ge — A!!! y Ge—Sb 


cTOpoHy, 4TO H B cucremax Ge — GaSb u Ge — InSb, uro noxrBepxAaer Hal 
que cpooogupix Ga, In u Sb B pacTBopax aHTHMOHHAOB raduA W MHAMA Bre 
MaHUuH. 

Ha ocHopaHuu aHasu3a XapakTepa Me@2KMOJIeKYJAPHOrO B3aHMOJeHCTBL 
B cuctemax Ge — AJ!JSb mMo2KHO 3aKJIIOUMTb, YTO AHTHMOHH aJIOMHHHA, Oy" 
PaCTBOPeHHBIM B PacilaB/JIGHHOM repMaHHH, pH TeMMepatypax, He MpeBbilial 
WMX TeMMepaTypy MaBsJIeHHA repMaHHA, He AHCCOMMMPyeT Ha KOMMOHEHTHI HJ 
NMCCOMMMpyeT UpesBbIalHO ca60, TOrqa KaK AHTHMOHHAbI raJidA W MHI 
TMCCOWMMPOBaHbI B 3HAUMTeIbHOM CTeMeHH, NPHYCM HHTeHCHBHAaA JMCCOlMall 
HauMHaerca pH Oomee HU3KUX TeMMepaTypax, YeM B CJly¥ae YHCTHIX COCAMH 
Hu. CnemopaTebHO, repMaHMeBadA cpefla lO HeKOTOPOH cTeneHH yMeHbilla 
TePMHYeCKYy!IO YCTOHMYHMBOCTh pacTBOpeHHOrO coetHHeHHA. Hexotopoe oca61Al 
mee JelicTBue repMaHHeBOH Cpefbl, OUCBUAHO, CBA3AHO C ee AMI/IEKTPHYeECKHN 
CBOHCTBaMH. 

B 3ak104eHHe aBTOPbI BbIPaKaloT rayOokyto OmarogapHocTb JI. C. Kam 
HeUKOH 34 BHMMaHve K paOoTe H CieJaHHble WeHHbIe 3aMeuaHHA. 


VUuctutytT metaisyprun um. A. A. Balikospa Ilocrynuao 
Akafemuu Hayk CCCP 5 VE 1959 
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Jorsage AkagemMun nayr CCCP 
1959. Tom 129, Ne 4 


XHMHYECKAAH TEXHOJIO‘HA 


B. B. POMAHOB 


JIMAHME NOJIAPH3AUWMHW HA KOPPOSHOHHOE PACTPECKHBAHHE 
- METAJIJIOB 


(ITpedcmaeaexo akademuxom A. H. PpymKuvoim 138 VIT 1959) 


}) KomvuecrBeHHbie HCCeqOBaHHA BIMAHMA MOMApU3alMH Ha CKOPOCTb KOp- 
BHOHHOrO paCTpeCKMBaHWA XPOMOHUKeeBOH HepxaBeloluleh cramu (IX18H9), 
WiepowucToH cTamH (cTatb-3), aNIOMMHMeBHIX cHaBoB (B 95 u JI 16), mar- 
Heporo civiaBa (MA2), maryHu u cnmapa 63% Mn + 18% Cu + 20% Ni 
/3BOJIHJIH YCTAHOBHTb ("), YTO HE3ABHCHMO OT MEXKKPUCTAJVJIMTHOPO WIM BHYTPH- 
CTAJWIMTHOrO XapakTepa KOPPO3HOHHBIX TPelUMH, UWHAUBULya/bHDIX 
OHCTB CpebI HU MeTAaJIOB, IPH pa3sM4YHOH TemMMmepaType M BeMUNHeE uCXO- 
(X HallpsxKeHHH cyUlecTByeT XapakTepHad (opMa KpuHBOH mNomApusalun, 
paxkalollad 3aBMCHMOCTb CKOPOCTH KOPpO3HOHHOTO pacTpecKHBaHHA OT 
KOTHOCTH NOMApH3yloulero TOKa (puc. 1). 

KatoyHasd BeTBb STOH KPHBOM MMeeT TPM OCHOBHbIX yUacTKa: MepBplli 
) — yBeMYeHHe CKOPOCTH KOPpO3HOHHOTO pacTpecKHBaHHA NOL BAMAHHeM 
WHOCHTeCJIbHO MaJIbIX — Ha¥aJIbHbIX MIOTHOCTeH TOKa, BTopok (//) — cpaBuu- 
\IbHO HeOOJIbLUOe YMeHbIUIeHHe CKOPOCTH PaCTpeCKMBaHHA pH AambHelilem 
seJIMUCHHU MIOTHOCTH KaTOAHOrO TOKa u TpeTHH (///) — nomHOe mpeKpatile- 
ee PACTPeCKMBaHUA WIM MpeKpaleHve Ha MpPOOMKUTeIbHOe BpeMsA. 

| AHno-Had BeTBb MMeer [Ba yyacTKa: llepBHIi (/) — orHocHTebHO OombIUIOe 


1oTHOcTeH ToKa, BTopol (//) — orcyTcTBHe MIM CyWleCTBeHHO MeHbillee BJIMA- 
@€ aHOJHOH NOMApH3alMM Ha CKOPOCTb PacTpeCKHBaHHA MPH OTHOCHTeJIbHO 
})JIbIIMX MJIOTHOCTAX TOKa. 

|| JI u JII ysacrku wa KaToqHOHK BeTBu u / yYacTOK Ha aHOJHOL BeTBH Xa- 
AKTepHOH KPHBOH NOMApUsaluN OODACHAIOTCA MCXOZA U3 27eKTPOXHMUYe- 
KOTO MeXaHH3Ma C TIOMOMIbIO AHarpaMMbl KOpPpO3HOHHOTO pacrpeckuBaHHUA 
PTaJIOB, MpeMoKXeHHOH aBTopoM pauee (?). 

| YpenuueHve CKOpOCcTH pacTpeCKHBaHHA MpM HavasbHON nomApusallun Ma- 
SIMH IIJVIOTHOCTAMM KAaTOMHOTO TOKa M OTCYTCTBHEe BJIMAHMA aHOAHOM nNomApHu- 
RLM «HA CKOPOCTb PaCTPeCKUBaHUA IPM OTHOCHTEIbHO OOMbUIMX MIOTHOCTAX 
MOMHOrO TOKa, MO-BHAMMOMYy, CBA3AHO C YCJIOBHAMM, MPH KOTOPHIX UrpaloT 
bib (aKTOPbI He 3EKTPOXHMMYECKOTO MPOHCXOKMCHUA, BJIMAHWe KOTOPbIX 
IDOTHBONOJIOXKHO BJIMAHHIO UMCTO 3eCKTPOXHMHYeCKOrO (akTOpa, CBASAHHOTO 
| W3MCHeCHHeM J/IEKTPOAHOTO MOTeHWWala MeTasa. 

| TlepponauanbHoe yBeM¥eHHe CKOPOCTH KOPpOs3MOHHOycranocTHorO paspy- 
\leHUA MSATKOM cTaM MpM KaTOMHOK NoWApH3allun HaOmOaIM paHee OBaHc 
| Cumouy (3). ABroppl mpaBusbHO CYHTaIOT, YTO Mp MaJbIX — HefocTaTo4- 
ibIX — MNJIOTHOCTAX TOKA 3alllMTe MOMBepraioTcaA JIMIb OTeJIbHbIe YUACTKH, 
HBJIAIOWUeCA KOHILEHTpaTOpaMu HalpsAxKeHHH, Te %Ke YYACTKH, KOTOPbIe OcTa- 
WMCb He3aUMULCHHbIMM WJIM HeOCTaTOUHO 3allMIWeHHbIMH, NOyyalor BO3MOXK- 
ocr IpeUMyllecTBeHHOTO Pa3BUTHA, YTO H NPHBOAMT K yBeM4YeHHIO CKOPOCTH 
aspylleHHA MeTaJa. 

|| Spanc u Cumony He pasBuu cBOIO rumoTesy Coulee AeTanbHO. C MOMOLI»10 
uarpaMMbl KOppO3HOHHOTO pacTpecKHBaHHA Metas0B (”) erkKO MoKasaTb, 
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KaK MAJIbIMH IJIOTHOCTAMM KaTOJHOrO TOKa 3alllMUlaljoTCA HaHMeHee Pa3BHT) 
yuacTkM, ABJIAIOUWMeCsH KOHWeHTpaTopamu HanpsaxeHuli. OHOBpeMeHHO 
CKOJIbKO IIPHTOPMaxkuBaeTcA pocT Oosee PasBUTbIX YYACTKOB, KOTOPbIX Cyl 
CTBCHHO MeHbIle, UCM MePBbIX, BCJIeACTBHe YeroO HalPA2KeCHHOCTb B pahoue A 
Gosee pasBUTbIX yYaCTKOB BCKOpe AesaeTcsA OoMbIWeH NO CpaBHeHUIO C yCJIOBH 
MH B OTCYTCTBHE NOJIAPH3AaMU, YTO HM BbISbIBA 
yBemuueHne CKOpocTH pacTpecKWBaHHA MeTaJJ 
®MopMy aHOJHOM BeTBH KPHBOH MOJAPHE 
IMM MO2KHO OODACHHTb B3AHMOJeEHCTBHEM JB} 
(PaKTOPOB, OTHOCHTEJIbHbIM BEC KOTOPbIX MCHA 
cA MO Mepe yBeJIM4eCHHA IMVJIOTHOCTH TOKa, 
HM€HHO YCKOpSAtoOulero, CBA3AHHOTO CO CMelL 
HHeM MOTeHUMala B CTOpoHy Oomee MOOR, 
T@JIbHbIX 3HAYCHHH, HM TOPMO3ALero, 3aBHC 
— = Geman do  Wero OT YBEJIMYCHHA PABHOMEPHOCTH NOBePXF 
pacmpecnubanu? coryoit KOPPO3MH UM KOJIMYeCTBa OJHOBpeMeH 
3apOKTawouluxcA KOPPOSHOHHBIX TPelllHH. 
Anodnan bembe TlonmHoe mpekpalleHue pacTpeCKMBaHHaA 
HeEKOTOPHIX cpeyax Up aHOAHOH nowApusall. 
BO3MOXKHO B TOM CJIyuae, KOra OHA BbISbIBE 
aHOJHY!O MaCCHBHOCTb MeTaJJIOB, Kak 3% 
Puc. 1 HampMMep, wMeeT MecTO MWA yrulepoXucT 
cTaM B KOHILCHTPHPOBaHHbIX PaCTBOPaX HHTPaTOB KaJIbUMA HU aMMOHHA ( 
Ha xapaxtepHylo (opMy KpHBOH NOMApusalluH CyIeCTBeHHOe BMA 
OKa3bIEalOT TeMIlepaTypa HW BeMUMHA PacTArMBAaIOUlMX HanpxAKenuK. Corvac: 
yaCTHUHO ONYOJIMKOBaHHbIM JaHHbIM (°*) i 
JIA CiwIaBOB Ha MarHveBOH u aJIIOMMHHe- C 
BOHM OCHOBaX MOBbILUeHHe TEMMepaTypbI OT 
10 go 70° auHeiHo yBenuunBaer LaMHy 
TpeTbero yuacTKa Ha KaTOXHOH BeTBY 
KpuBoH momapusauun. OO STOM MOXHO 
CYAHTb, HallpHMep, MO H3MeHeHHIO BeH- 
YHHbI 3allMTHOM MJIOTHOCTH TOKa* B 3a- gv 
BHCHMOCTH OT TeMMepaTypbl Mmpu KOppo- 
3HOHHOM pacTpeckHBaHuH ciiaBa B 95B wy 
0,1 N pacrBope H,SO, + 35 r/a NaCl 
(puc. 2). 20 
TakuM xe O6pa30M H3MeHHeTCA BTO- , 
pow yuacTok Ha KaTOJHOH BeTBM KPMBON. - 20. 30 40 60 60 majem 
B o6paTHOM HanpaBJeHHH M3MeHseTCA D 
NepBbid YyuacTOK, T. €. NepBOHaYasbHOe " 
ycKopeHne pacTpecKHBaHuA NOX BMAHH- Puc. 2 
eM HeOOJIbBLIMX KAaTOJHbIX mMIOTHOCTEeli 
TOKa TeM OOJIble, YeM Hue TemlepaTypa. Banaue Temmepatyppl Ha (po 
My aHOJHOH BeTBH KPuBOH NONApNM3allMH MpoABsIAeTCA B  culefyroule: 
yckopslonlu atekT aHOAHOH NomApHsalMU MPM NMOBbILIEHHBIX TeMnepaType 
vcyesaeT, a MPH MOHW2KEHHBIX JemaeTca Ooee 3HaUMTebHBIM. CxopocTb KO 
PO3MOHHOTO pacTpeckuBaHHsA crviaBa MA2, npn ofmHakoBoH aHOJHOH m0 
Hocru ToKa (10,2 ma/cm”) Ana Temneparyp 10 m1 50° npumepHo ofunaxora (‘ 
OObaAcHeHHe BJINAHUA TeMMepaTypbl Ha XapaKTepHyto (bopMy KpuBoii NOJAp 
salu Jlaerca (*) Ha OCHOBe 9IeEKTPOXHMMYECKOrO NpPelcTaBJIeHHA O MeCXaHH3? 
KOPPO3HOHHOTO pacTPpeCKHBaHWA MeTaJJIOB. 
YeeuMueHHe PacTAPHMBaloulMx HanpsxKeHuH, Tak %Ke KaK MW NOBHILeHHe Tel 
MepaTypbl, JMHEHHO yBeIMUMBaeT JWIMHY TpeTbero yuacTKa Ha KaTOJHO!i Bert 


‘ 


Hamoonas bemb 
w//h 


D 


Ss 


Dy 


KPHBOH TOMApusalnu. OO STOM MO%KHO CyAUTb MO WaHHBIM O 3aBHCHMOCTH B 


* SallMTHOH MMOTHOCTbIO TOKAa VCJIOBHO CUNTaqacb Takas, pH KOTOpOH pactTpecKHBan) 
He HaCTyTa,10 3a BpeMA IIpUMepHo B 10 pas Ooubilee, YeM B OTCYTCTBHe NOMAPH3aliMu UpH Toil ¥ 
Temmepartype. 
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HKHbI 3AalHTHOM NIOTHOCTH TOKa* OT HCXOAHOM BeMYHHbI HanpsxKeHUA TIP 
WPposvoHHOM pactpeckuBaHuu saryHu (61—38) B 27% pacrsope NH3+ 
HS r/n HeOe+ 10 r/n KeCrO,+ 0,015 r/n CuSO, (puc. 3). 
KaToquad uM anoquad noOuApHsalun BIMAIOT CyIecTBeHHO HU B IpOTHBO- 
OMKHBIE CTOPOHI HE TOMbKO Ha CKOPOCTh KOPpO3MOHHOrO pacTpeckuBaHHA, 
Take HM Ha @opmMy (xXapaktep) KOppO3HOHHEIX TPeuHH. 
q) Muxpockonuyeckum ucceoBaHueM HanOouee XapaKTepHEIX TpelMH, pa3- 
PeatoulnxcsA MapaebHO C OCHOBHO! Npu BHYTpuKpucTaUTHOM XapakTepe 
LTPECKMBAHHA MeTasia Obl0 ycTaHoRveHo (°, °), wro mpu HexocTaTOUHOl As 
uTpl (// yuacTok Ha xXapakTepHoii 
MBOW NOMAPH3alHH) KATOMHOM MOTHO- 
H TOKa AHO TpellMH JenaeTcA OKpyr- 
IM, a CAMH TPeIIHHbI- BMecTO nocTyma- 
MbHOTO PasBUTHA NpuoOperaiwr TeHJeH- 
10 Pa3BHBaTbcA BUIHPb No Tey 3epeH. 
|I[pa mexkpuctamMTHOM xapaxKTepe 
Hcrpeckuranus (*) HeqocratouHas KaTO- 
HA NONApHsalluad, NPHTyNAA HO Tpe- 
H, TaKXKe BbHISbIBACT Pa3BUTHE TPeIMH 
Giupb no Teny 3epeH. Takum o6pa3om, Oot O08 Of Ore Oe G3 mafen? 
PTowwan nomapusauna (HeqoctaTrouHas Fauumaan nnomHocm moka —e- 
(f 3aIUMTbl METaIJIa OT pacTpecKuBa- Puc. 3 
A) Kak Obl Cep2kuBaer Noctynarevb- : 
e [[BWXKeHHe KOPPO3HOHHBIX TpellnH. AHOHAA NOJApH3allMA Kak pH 
i yrpuxpuctanutHoOM, TaK M IPM M@KKPHCTAJJIMTHOM XapakTepe pactpe- 
WMBaHHA flelaeT TPelllHHb! Comee Yy3KHMH, BBITAHYTbIMH, MpsaAMOuHHel- 
ies PaCNOJMOHKEeHHEIMM CTPOTO B MVIOCKOCTH NepnmeHANKYyJAPHOH NMOCcKOCTH 
jiicTBusi PacTArMBawllnx HanpsaAKeHu. OOulHM u HanOoulee BaxKHbIM (akTO- 
PM, XaPaKTePH3YIOllMM BIMAHHE KaTOAHOM HW AHOAHOM NOApHsallui Ha CopMy 
)PPO3SHOHHEIX TPelMH, ABAACTCA MPOABMEHHe STOTO BIMAHUA Ha CopMe Ha 
fcToKa) TPeliMHbT. 
| Takoe BuIMAHHe ee Ha POpMy Ha TPelMH HarAQHO CBUAeTeMbCTByeT O 
|PaBeANMBOCTH S/IeEKTPOXHMNYECKHX MpeAcTaBJieHHH O POJIH yYaCTKOB MeTaJI- 
1, ABJIAIOWIMXCA KOHIEHTPaTOpaMH HalipsAxKeHHH B MeXaHH3Me KOPPO3HOH- 
TO pacTpecKHBaHHA MeTasOB. 
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WucrutytT merajsypruu uM. A. A. Balikosa Tlocrynusio 
Axkafemuu HaykK CCCP 4 VII 1959 


UWHTHPOBAHHAA JIMTEPATYPA 


1B. B.Pomauos, COopuH. Bopon. orgen. Beecoio3H. xuM. o6m. um. J. MW. Menjeseesa, 
}2, 1959. 2 B.B. Pomauo.s, C6opn. Tp. otmen. Beecotosn. xum. o6m, uM. JI. HW. Men- 
jieepa, B. 1, 1957, crp. 105. *U. R. Evans, M. T. Simand, Proc. Roy. Soc., 
8 A, 372 (1947). 4B. B. Pomauos, B. B. Lo6ponw6os, PKIIX, 31, No 5, 
8B (1958). °© B.B. Pomauos, DKIIX, 29, Ne 8, 1191 (1956). 4 B. B. Pomauor, 
B. LoS5poaw6oBs, Merannopen. u o6p. Metanmop, Ne 7, 19 (1958). * B.B. Poma- 
DKILX, 32, Ne 5, 1394 (1959). 


* SalllMTHOM MIOTHOCTbIO TOKa yCJIOBHO CYHTaacb Taka, IPH KOTOPOM pacTpeckMBaHHe 
HacTyMajo 3a BpeMA MpHMepHO B 3 pasa Oomblee, YEM B OTCYTCTBHe NOAApHsalun, 
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Jlokuayn Aragemun nayr CCCP 
1959, Tom 129, Ne 4 


H. ©. BJIACOB u A. J. MAKJIYXO-MAK JIAH 


HOBbIE JAHHbDIE MO CTPATHTPA®HH MEPMCKHX OTJIODKEHH | 
fOrO-3ANAMHOLO WAPBA3SA 


(ITpedcmaenexo akxademuxom JI. H. Mlep6axoeum 13 VI 1959) 


IIpucytersue mepMckux oTjoxwKeHHH Ha Jlappase BMepBble yCTaHOB! 
A. TI. Kapnuucxnii (°). B janpuelimiem oun uccmeqopanuch A. Kpaddrom ( 
A. C. Openpurrefinom (14), A. B. Heyaeppim (*°). eppanx feTranbHaa cxel 
crpaturpadun nepmu Opima Jana B. VU. Tonospim (1). BnocaeycTBuu ona yi) 
HANaCcb pAom uccnemopatenent (4, °, 7, §). Dayne mepmu JlapBasa nocBALle! 
HeckovIbko pa6or (°, 7, 8, 13, 1%), 

C 1954 r. na lOro-3anaqHom Jlappase YunpaBsenue reoIOrHu U OXPaHbl HE} 
npu Copere Muxyucrposp TaaxKCCP u Jlenuurpayckul yHuBepcuTeT MpoBoJ 
reoulorocbeMouHple padotnl, BbinomHAemMbple H. IT. BaacoBpim mpu yuyact{ 
VW. B. Tpoxpsnopa. H. T. Baacos, yuntTpipaa WaHHble npeAbiAqyuiux uccue, 
BaTeleH, MpeAIOKUJ UCHOMb3yemMylo celiuac MPH KapTHpOBaHHH CXeMy CTI} 
Turpaduu nmepmMu, MpHyeM OGocHOBaHHe BO3PacTa CTPpaTurpaduyeckux NOLp| 
AeneHu STO cxemb! Oplio BHimomHeHO A. JI. Mukxnyxo-Maksiaem, u3y4aBuy 
cbopamunndeppl. OctabHble MpHBOAUMbIe HH*Ke OnpesemeHuaA ayHbl cOopt 
1954—1958 rr., Kpome oco6o oroBopeHHbIX, npHHafmexatT B. JI. Pomuuer 
B. C. Coxonosy, B. Jlenoutycy (pyrospi, Ta6ynarpt) u B. HW. Bonruny (6]) 
XHOnOJbI). 

Tlepmcxas cuctema Ha TOro-3anaquHom Jlappa3ze mpefcraBseHa BCeMH {| 
ThIDbMA APyCaMM: KapavaTbIPCKMM HM JapBa3cCKHM (HMKHUM OTJen), Mypr. 


CKHM HM NaMMpcKuM (BepxXHuit OTe), BbIqemeHHpmu A. J]. Maxayxo-Maxk.aen (| 
HuxXHAA TepMb 


KapauaTbupckuu Ap yc cormacHo 3ameraer Ha KAMCHHOYTOJIbH} 
u3BeCTHAKaX. (Ota rpaHulla Oplia paccmoTpeHa Hamu pauee (*).) KapauatH 
CKHH Apyc mpedcTaBJieH H3BeECTHAKAaMM CeOucypxcKOH cBurThi (1, 2) u 3amenzel 
WWHMH MX TeppHreHHbIMH OOPasOBaHHAMH XOPHAKCKOH CBUTbI (cM. pHc. % 
CeOucypxckad CBHTa, MOUHOcTbIO Jo 920 M, pasBuTa 1oxKHee Pp. SpIrafi 
B Oacceline p. Bosruna, rfe ona Qocruraer 150 M mowlHocTH. Ira cBuTH Cod) 
*KuT BOROpocsn: Tubiphites tumidus Masl., Epimastopora sp., Girvanella 4 
n.; ~opamuuudepsr: Nodosaria cf. longissimma Sul., Staffella sp., Nankin 
ef. caucasica Dutk., Ozawainella sp., Schubertella sphaerica Sul., Sch. } 
ramelonica Sul., Sch. kingi Dunb. et Skin., Fusiella cf. typica Lee et Chi 
Boultonia willsi Lee, Quasifusulina ex gr. longissimma Moell., Q. kara 
nensis M.-Maclay, Q. caueuxi Deprat, Gallowaiinella? sp., Pseudoschwa} 
rina muongthensis Deprat, Occidentoschwagerina cf. fusulinoides Schell! 
Schwagerina moelleri Dutk., S. vulgaris Scherb., S. constans Scherb., Pel 
schwagerina aff. primaeva Raus., P. aff. pseudomira M.-Maclay, Pseudofusi| 
na alpina (Schellw.), Ps. paralpina Chen, Ps. complicata Schellw., Ps. 4 
multiseptata Deprat, Ps. ex gr. vulgaris Schellw. et Dyhr., Ps. aff. bactrié 
Dutk., Ps. lepida Deprat, Ps. chinensis Chen, Ps. (?) pseudojaponica Dut 
Parafusulina aff. ferganica M.-Maclay, P. sp.; 6paxnonogu: Avonia kru} 
ensis Sem., Marginifera carniolica Schellw. var., M. septentrionalis Tschet! 
Dyctioclostus transversalis Tschern., D. cf. baticolpos Schellw., D. nec} 
flatus Lich., Urustenia pseudomedusa Tschern., Spirifer cf. poststriatus Std 
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‘achythyris ufensis Tschern., Martinia semiglobosa Tschern., Martiniopsis 
ilicus Tschern., Neophricodothyris rostrata (Kut.) xopanapi: Bothrophyl- 
in sp., Tachylasma elongatum Grabau, Lophocarinophyllum cf. karpinskii 
m., Caninia cf. schechunowi Fom., C. ex gr. ruprechti Stuck., Caninophyl- 
m ex gr. koksharowi Stuck., Gshelia ex gr. rouilleri Stuck. 

_Xopuyxckas ceutTa, MowuHoctbi0 or 400 Jo 750 M, pasButa ceBepuee p. 3p 
b M MpeAcTaBJieHa TeEMHO-CepbIMH aJIEBPOJIMTAMH C MIPOCOAMM TeMHO-cepbIx 
|| HSBECTHAKOB MH pexke necuaHHkKoB. B mpocOAX M3BeECTHAKOB cofepxKaTca 
\dosaria sp., Staffella sp., Schubertella aff. sphaerica Sul., Fusiella sp., 
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Puc. 1 


owagerina s. 1., Robustoschwagerina tumidiformis M.-Maclay, Pseudofu- 
lina horida Chen, P. ex gr. alpina Schellw., P. sp., u 6paxuonogzn Productus 
inor Schellw. var. planodorsalis Lich., Spirifer (Eliva) lyra Kut. 
IIpupenzenupie dopmpl us ceOucypxcKoH um xopHyKcKCH CBUT CBHJeTeb- 
ByloT OO HX CHHXPOHHUHOCTH U MO3BOJIAIOT ONPeAeNUTb UX BO3PacT KaK Kapa- 
rbipckHi. CyMMapHas MOIHOCTbh KapauaTbipcKoro sapyca Ha lOro-3anafHOM 
IpBase usmensetca oT 420 no 920 M. 

|} HapBpa3zscxkuh apye cormacHo 3ameraeT Ha KapavaTbIpCKOM HU pa3- 
WISeTCA Ha TPH YaCTH — HM KHIOIO, CpeAHIOIO u BepxHiolo (puc. |). Haxuaa 
HOT WapBa3ckoro sApyca mpelcTaBseHa B OCHOBHOM TecuaHuKaMH C Npocsos- 
| M3BeCTHAKOB HW KOHTJIOMepaTOB 3biIrapCcKOH CBUTHI. JIvwWb Ha wre, y KHL. 
MOrOH, K HH3aM JapBascKOrO spyca OTHOcATCA Bepxu (200 M) KapOoHaTHOu 
bucypxcKoii CBUTbI, a Ha ceBepe, no p. BosruHa,—— Hu3bI (500 M) cadcbersa- 
IHCKOH H3BeCTHAKOBOH cBuTbHI. B BepxHeH YacTH ceOucypxcKOH CBHTHI, y 
du. Worou, Opium Hatizenst Nodosaria sp., Leella sp., Schubertella SP., 
angchienia sp.,Schwagerina sp.,Pseudoschwagerina sp., Pseudofusulina exigua 
hellw. et Dyhr., P. aff. longitermina Chen, P. kraffti Schellw. et Dyhr., 
| fusiformis Schellw. et Dyhr., Chusenella globulariformis (Dutk.), P. (?) 
pudojaponica Dutk. u xopanap: Caninophyllum ex gr. sophiae Her., C. sp., 
ygmophyllum (?) sp. B mpocmosx w3BeCTHAKOB 3bIrapCKOH CBUTbI CcOJep- 
vtca Nodosaria sp., Geinitzina sp., Nankinella sp., Leella sp., Schubertella 
Wnaerica Sul., Darwasites daroni M.-Maclay, D. ex gr. contractus Schellw. 
|Dyhr., D. elipsoidales M.-Maclay, Schwagerina s. 1., Zellia sp. nov., Pseu- 
fusulina exigua Schellw. et Dyhr.,Ps.aff. prisca Moeller, Ps. kraffti Schellw. 
Dyhr.,Ps. gornii M.-Maclay, Ps. vulgaris Schellw.et Dyhr. ,Ps.globosa Schellw. 
| Dyhr., P. aff. exilis Schwager, P. kusnetzovi M.-Maclay, P. aff. ba- 
kirica Korzh., P. yannanensisChen, Chusenella cf. globulariformis Dutk., 
irafusulina sp.; Kopasapi: Pseudobradyphyllum nikitini Dorb., Tachylasma 
. @ ammoneu: Propinacoceras bornemani Toum., P. sp., Prosicanites edel- 
ini Toum., Artinskia aff. artiensis Griin. var. timorensis Haniel, Popanoce- 
s laghuseni (?) Karp., Aghaticeras sp. (#2) u Propinacoceras bornemani 
ium., Metalegoceras (2) sp., Popanoceras (?) sp. (cOoppr A. X. KacbapeKoro 
B. Il. JIosuesa no p. Bosruna, ompefenenne JI. C. JIu6posnya). 

MowHocrb 3birapcKoli CBUTbI H3MeHAeTCA OT 1600 M no p. 3pirap Ho 400 
|p. Bosruna. Cyaa no nepeyucieHHbIM (opaMuHUdepamM, BO3pacT STOM CBUTHI, 
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KaK M BepXHelt yacrH ceOucypXCKOM CBHTbI, HwKHeJapBascKHuh. Ammonen, 
O. Tl. Tymancxoli u JI. C. JIm6posnsy, cBuyeresbcrBylor 00 apTHHCKOM BO3p 
cTe BMellalouluxX MOpoA. OGulat MOUHOCTh HH2KHeM YacTH AapBascKorO Apy 
u3MeHsetca oT 350 Zo 1600 M. 

CpeqHaa uacTb JapBascKoro Apyca cocTouT H3 ABYX CBUT: KapOoHaTHOH ¢ 
cberapoucKoli HM TeppHTreHHO-M3BeCTHAKOBOH YeMaMUHHCKOH. CacberapoHucK 
CBUTA CJIOXKeCHA CBETJIbIMA OPraHOreHHO-OOJIOMOUHbIMH, pexKe KPHNTOKPHCTa 
JIMUeCCKUMM M3BeCTHAKAaMM MOUHOcTHIO or 30 M y Ku. Woron, qo 1000 m 
p. Horut, cozep>xamtumu Nodosaria ex gr. mirabilis Lip., N. saggita K. I 
Maclay, Geinitzina sp., Nankinella marinae M.-Maclay, N. orbicularis Le 
Leella sp., Kahlerina aff. pachytheca Kochansky-Devide, Minojapanella elc 
gata Fuz. et Kan., Gallowaiinella sp., Robustoschwagerina tumida (Lich 
Darwasites contractus Schellw. et Dyhr., D. doroni M.-Maclay, Nagatoel 
sp., Pseudofusulina exigua Schellw. et Dyhr., P. longitermina Chen, P. e 
lis Schwag., P. kraffti Schellw. et Dyhr., P. parakraffti M.-Maclay, P. v 
garis Schellw. et Dyhr., P. mengi Chen, P. kusnetzowi M.-Maclay, P. fu 
formis Schellw. et Dyhr., P. chihsiaeformis Lee, P. gregaria Lee, P. henbe 
Chen, Chusenella canicocylindrica Chen, Parafusulina aff. japonica Giml 
P. (?) granum-avenae Roem., P. sp., Brevaxina sp., Misellina sp., Armeni 
sp.; 6paxnonogzp Dyctioclostus cf. uralicus (Tschern.), Marginifera stucke 
bergiana Krot., Meekella eximia Eichw., Neophricodothyris asiatica Che 
N. cf. rostrata (Kut.), Streptorhynchus cf. pelargonatus (Schloth.). | 

UenamuuncKad CBUTa COCTONT H3 MepecuaMBalOulUXCH TeEMHO-CepbIxX asleBp 
JIMTOB MW MeCUaHMKOB H PeKe USBECTHAKOB, OOMeH MoULHOcThIO oT 100 go 300 ° 
B npocoax usBecrHAkoB Halimenst Nodosaria sp., Geinitzina sp., Pachyphlo 
ovata Lange, Nankinella sp., Kahlerina sp., Schubertella cf. sphaerica Su 
Pseudofusulina paraprisca Chen, P. cf. prisca Moeller, P. kraffti Schellw. - 
Dyhr., Parafusulina sp. OOmas mouHocrb Bee cpequel vactn JapBa3cKO 
apyca usmeHsetca oT 130 m (Knut. Worox) go 1100 m (pp. Morut-Bosruxé 
Bepxuioio “vacTb WapBa3cKoro Apyca cocTaBJcxeT PyHapHHcKad CBMTa, MO} 
HocTbI0 oT 100 yo 650 M, mpefcTraBsIeHHad 3eJIeHOBaTO-CepbIMH MecuaHHKal 
C MPOCNOAMH aJIEBPOJIMTOB Hu u3BecTHAKOB. B 9370 cBuTe oOOHapy Ket 
cbopamunudepsr Nodosaria cf. longissimma Sul., N. sp., Pachyphloia cf. 1 
busta M.-Maclay, P. cf. lanceolata M.-Maclay, Parapachyphloia aff. rara 
Maclay, Geinitzina tscherdyncevi M.-Maclay, G. cf. caucasica M.-Macla 
G. aff. spandeli Tschern., G. inflata M.-Maclay, Nankinella sp., N. aff. ca 
casica Dutk., Schubertella sp., Neofusulinella giraudi Deprat, Darvasit 
contractus Schellw. et Dyhr., Nagatoella sp., Pseudofusulina vulgaris Schell’ 
et Dyhr., P. kraffti Schellw. et Dyhr., P. exilis Schwag., Parafusulina sf 
Brevuxina sp.; Opaxuonogei Choristites sp. n., Orthotetes aff. regularis Waa; 
Marginifera lopingensiformis Lich., Squamalaria perplexa Mc Schesn., S. ¢ 
roli Gemm. u nememunogp (onpexenenua Jl. B. Kyutnapp) Schizodus sp., 4 
lorisma cf. elegans King, Pleurophorus cf. costatus var. ovatus King, Avic 
lopecten aff. sumnerensis Newell, Edmondia gibbosa Gein., Conocardiu 
sp. Hecmorpa Ha HeKoTopble pasmuuna cbayHbl BCexX Tpex uacTel MapBa3scKO 
apyca, OOWMH ee xapakTep coxpanserca. TlonHaa momlHocTh japBa3cKo 
apyca Kome6netca oT 600 no 3000 Mm. 


BepxHASA TeEpMb 


BepXHAsl lepMb HayMHaeTcad My PTraOcKUM APycomM, Mpenere 
JICHHbIM HOJWIMXAaPpCKOH CBUTOM (pHOeTOBbIX NeCYaHUKOB C MpocMOAMH aJsleBE 
JMTOB WM JIMH34MM KOHTIOMepaToB. OTH Nopofbl 3aseraior Ha ryHapuHcK 
CBHTe COrvlaCHO M CBASAHbI C HEH NOCTeMeHHEIM Nepexoylom. OqHako B rant 
KOHIJIOMepaTOB STOM CBHTbI BCTpeyaloTca, C CaMOrO ee OCHOBAHUA, U3BeCTHA 
c opamunudepamu KapOona (Fusulinella, Fusulina, Pseudostaffella) u uu 
Heli nepmu (Schwagerina s. 1., Pseudofusulina sp., Chusenella globulariforr 
(Dutk.)). Mouquocrb Mypra6ckoro spyca (HenomHas) mpeppitiaer 2000 m. 
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|} flamupckui sApye o6pasopaH AByMaA cBHTaMH — llakapceBcKoli 
HaancalicKoli (*, *). [eppasa coxeHa cepbiMi HM KOPHYHEBBIMM PIMHaMu MH Tec- 
@iHuKaMH C MpociosmMu runcoB uw u3BecTHAKOB c Pugnax mutabilis Lich., 
Hellerella rawnouensis Lich., Uncinuellina aff. posterus Waag., Ambocoella 
Weri Schellw., Hemiptychina pseudoelongata Schellw. (*). MJlaxapcescxaa 
Ta 3asleraeT C yrvIOBbIM HecoriacveM Ha Oovlee APeBHUX OCaROUHbIX NOpodax 
#)|poppiBatoujux ux Auoputax. Moutnocts ee Jocruraer 200 m. Ha waKkapces- 
Hol cBure coriacHo 3aJleraeT yancalicKad CBUTAa, C/IOKeHHAA CepbiIMH U (pPuOo- 
PTOBbIMH MlecuaHHKaMM C JIMH3aMu nOp@upuTosw, TyPoB, M3BECTKOBHCTHIX Ty- 
IDB M BOMOpocseBbIX H3BeECTHAKOB. B BepxHeli “YaCTH CBUTHI pacmpocrpaHeHbl 
MOPOCIeBbIC H OOJIHMTOBbIC H3BCCTHAKH, Ha3bIBaBIUMecH paHee BepctbeHCKUMK 
|). M3 usBecTHAKOB YalcalicKOl CBUTHI, B TOM UNCJIe MH BEPXHUX, Obl ONpese- 
HbI BOAOpocaM Vermiporella sp., Gymnocodium ex gr. bellerophontis Rotpl., 
|. sp., Permocalcus sp.; dopamuyudepi Glomospira sp., Nodosaria sp., Pa- 
nyphloia ci. multiseptata Lange, P. ovata Lange, Parapachyphloia sp., Gei- 
Wtzina sp., Spandellina sp., Olympina sp. n., Multidiscus sp., Globival- 
lina sp., Muanku (cOopnt [. A. JlyrKkepuua, onpenenenua B. I]. Hexopo- 
be Tabulipora sp., Pinnatopora sp., Fenestella sp. u Lioclema sp. B sepx- 


X «BepeHCKHX» H3BeCTHAKAX, KPOMe TOFO, OblWIH ONPeeneHbI OBO/bHO 
OrouncueHHble megewunosbt (Eumorphotis u Anodontophora). Mouyocrs 
fcalicKoH cButTbl Jocturaer 800 m. Ha sro cBuTe cormacHo (a pexke Heco- 
1acHO) 3aerator (uOMeTOBbIe MecuaHuKH Cc dayHOH MHACKOrO sApyca. 

| Buspogn 1. Ha Jappase mepmMcKue oTOxwKeHMA pacmMpocTpaHeHbl B 
3yYX TEKTOHUYeCKHX 30Hax (*). B Cacdberkyxckol 30He OHM 3aueraloT cormac- 
Ha KaMeCHHOYTOJIbHbIX OTJIOMKeHHAX. B paspese ITOH 30HbI YYaCTBYIOT BCe 
HIMcaHHble OOpa3so0BaHHA TepMH JO WakapceBcKOH CBUTbI BKJIIOUHTeJIbHO, 
OKPbIBalOluecAd C pe3KHM HecorsacneM nopofamu melHaca. Paspe3 OOunuoy- 
OH 30HbI HaYMHaeTCA C WakapceBCKOH CBUTbI,H BepXHeMepMcKHe OOPa30Ba- 
a A 3fecb 6e3 CYILeCTBeHHbIX HecOriacHH MOKPbIBalOTCA TPHaCOBbIMH. 

| 2. Hwkuaa mepmMb Ha TOro-Ganatuyom Jlappase mpejcTaBsleHa NOJHbIMH 
waspesaMu HM COJepXUT 3amelilalollMe Apyr Apyra Mopckue TeppureHHo-Kap6o- 
WarHbie u KapOoHaTupie balun. Bce daliMaJibHble nepexofbl HaOmlOalorcsA He- 
locpejicrBeHHO B OOHAKeHHAX. OHaKO 3/ecb OTCYTCTBYyeT CAMHbIM pnd, He- 
|peppiBuo lepeMellaBlulica c TeYeHHeM BpeMeHH K ceBepy (?, °). 

| 3. Paspesbi BepxHeH mepMu B CadeTkyXCkOH 30He MpeAcTaBJIeHbI B OCHOB- 


IMA CONPOBOK Mauch BHEAPeHHeM AHOPHTOB WH BO3HHKHOBeHHeM l1penamup- 
{koro HecorjacuA. K KOHUy MepMu Mpollecchl NOAHATHA Ocmabes4. 

| 4. Paspesn nepmu Jlappa3a xopowllio conocTaBjAaloTcA Mo dayne C paspe- 
lama mepmMu Ilamupa, Kysup-JlyHa, SaxaBKka3ba. B To »%xe Bpems, Ha [Oro- 
ananHomM Jlappase OTCyTCTBYIOT BbICOKOCHelMaH3HpOBaHHble y3yJIMHMAbI, 
ipocrBenupie MypraGckomy spycy. Otomy sapycy Ha JlapBase coorBercrByer 
OIMXapCcKaH KPaCHOUBeTHaA CBHTA. 
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JIeHMHTpagcKu rocyapcTBeHHbI yHuBepCcuTer Ilocty mHJ10 
um. A. A. )KaaHoBa 13 VI 1959 
HWMTHPOBAHHAA JIMTEPATYPA 
1H.T. Baacos, Tes. Tamxenrck. crpaT. copem., 1958. *® H.T. Baacos, Tp. 


lenunrp. oO.’ ecrecrsoncn., 70, Ne 1 (1959). % H. ©. Baacos, A. A. Mu- 
‘hyxo-Makxaai, JAH; 129, Ned (1959. *F7. A. Dy tKes us, Mpobs, -com 
Copepue, e Noise 937). 5T.A.qytKxkespuy, M.A. KaamMbtkosBa, Coopu. Tanx.- 
lam. axcn., 1937. 6® A. I]. Kapnuuckua, Tp. CII6 o6m. ecrecTBouci., 13, 1882. 
B. K. Jiuxapes, J(AH, 4, Ne 3(1934), ® A. 0.MuxkayxoMakuaau, Bepxue- 
aneosolickue py3syauuuget Cpequeit Asun (Peprana, Ilamup, JJapsas), JI., 1949. 9A. .Muk- 
 so-M ak an, MAH, 120;/Ne 1 (1908). AD Bs Heuaes, Mss. Deon. kom., 11, 
2 2—5 (1922). 4B. HW. Tonos, Coops. Tam. komna. axcn. 1932 r., sz. AH CCCP, 
933. &O.T. Tymaucxaa, B.A. Bopueman, Bonn. MOHII, 40 (2), (1947). 
8 @. H.Uepuumes, Tp. Teon. kom, B. 104, 1914. '* A.C.oOnenburedn, 
Aat. reom. Poccun, 23, 8. 2, 1908. 1% A. Krafft, Denkschr. Akad. Wissenschaf. Wien., 
0, 1900, %E.Schellwien, G. Dyhrenfurth, Palaeontogr., 56, 1909, 
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Jloknaygn Akasxemun nayk CCCP 
1959. Tom 129, Ne 4 


®. H. EHWOBA u JI. JI. XAMWEP 


O TPHACOBbIX OTJIO)KEHHAX B MEYOPCKOM BACCEMHE 


(IIpedcmaeaexno axademuxom JI. B. Haauekunoim 15 VI 1959) 


B nocwequne rofbl B pesybTaTe JIMTOMOTO-cTpaTHrpa*uyecKux paoor, BE 
nowHeHHbIxX Komu-HenelkuM reoJIOrHuecKUM ylpaBJICHHeM, YCTAHOBJICH BOS 
pact M ZOCTHrHyTAa Napadwienh3aluA pAfa TOM, 3aleraroulux B PasJIMUHbIX pak 
Hax Ileyopckoro 6acceliHa Ha yrvieHOCHOH MeyOpcKON cepHu BepXHeNepMCKOIp 
Bo3pacta. | 

TeppureHHast Tosa CO 3HAYMTeJIbHbIM YYaCTHeEM KPaCHOLWBeTOB HM TecTp 
UBeTOB, 3asleraiollad Ha meyopcKol cepuu, BlepBpie BbieseHa A. A. UepHospi} 
(41) Ha roro-3anagHom ckoHe Ilav-Xoa nol Ha3BaHHeM Xe€HATHHCKOH CBUT! 
(cepa — m0 COBpeMeHHOH cTpaTurpaduyeckoh cxeme IleyopcKoro GOaccelHé 
M nofpasnenena A. A. Uepnospim u B. B. Konepnuon (?, 1) Ha aBe TOs 
Ha3BaHHpie BnocmeycrBun H. B. UWmenespim (?”) HwxKHe-u BepXHeEXelATHHCKO 
cputamu. A. A. UepHop oTHocnd XeHArHHCKY!O CepHiO K TaTapcKOMy sApycy| 
Tlosquee H. B. Wmenep (7?) Ha ocHOBaHHM HaAXOJKM KOCTHbIX OCTATKOB PbiO «| 
MepMCKOFO, CKOpee Z30TPHAacoBOrO OG6HKa» (NO sakoNeHHIO A. B. Xa6aKossz 
MIpeWIOKUJI TPHacOBbIN BO3SPacT BePXHEXCHATMHCKOU CBUTBI. 

B rowkHok yacru Ileyopcxoro 6accetua E. B. Bounosoli (*) Onin Byidenen 
«eCTpOUBeTHaA» (HH2KHAA) H <Oypan» (BeEPXHA) TOMLIN, 3aneraloulne Ha yrue 
HOCHbIX BePXHENMC€PMCKHX OTJIOXKCHHAX H OMMCAHHbIe e10 B COCTaBe BepXHe 
nepmu. B 1956 r. Ha CpepavioBcKoM coBellaHHu No yHudukalluu crpaTurpa 
yeckuX cxem Ypaua (°) Ha3BaHHe XeHATMHCKad cep ObIIO MpHMeHeHO 
HajlyrvieHOCHOH Towle cepepHoln uactu IleyopcKoro GOaccefina u [lai-Xoa 
IPH 3TOM OblwIO yYKa3aHO, YTO B }OXKHOH yacTu OacceliHa XeHATMHCKOHM CepHu OT 
BeualoT «leCTpOWUBeTHaA» HW «Oypan» TomulM E. B. Bonnopow, a Take Tak Ha 
3bIBaeMaA HeueHCKadA yrvieHocHad Toma, omucaHHan A. A. UepxHosnm (?% 
B Gaccelue p. Heun. Xetiarnuckaad cepua U ee aHaJIOrM B 1O*KHOM uactTu Oaccel- 
Ha OblJIM OTHECEHbI K TaTaPCKOMYy sApycy. 

Ms3yyenne JIMTOOrMH WH HaXOJKH OpraHHyecKHX OCTAaTKOB B Xe€HATHHCKOI 
cep H ee aHasorax NOATBePAUIM B OCHOBHOM IIPpHHATYO COBelLaHHeM CXeM} 
NapasJeIM3alMn HaLyrJieHOCHbIX TOJIUL pasvIMYHbIX pahouow TleyopcKoro 6ac 
celia. YcraHOBJIeHO, YTO BCeCTBHe OOLWMHOCTH AMTONOTO-alwuaNbHBIX MPH 
3HaKOB HM OpraHHYeCKHX OCTaTKOB Ha3BaHWe HW2KHEXCHAIMHCKAA CBHTAa MOKE 
ObITb PacnpocTpaHeHO Ha «MeCTPOMBeTHY!O» TOVILy, a BepxXHexelinrMHCcKad — 
Ha «Oypyto» Tomuty E. B. Bounosol (kak 9TO M MpHHATO B HacTOALeH cTaTbe) 
B To xe BpeMs, B pesybTaTe OypeHHA uM HaxOJOK *lopbl ycraHoBeHa mp 
HaJlJIe%KHOCTb HEYEHCKOHM TOMI K NeyOopcKOH cepunH. 

HuxnexeHarnwuckasa cButa (Ty,.2) mpescrapnena nepe 
CJIAHBaHHeM 3eJICHbIX HW 3€JIEHOBATO-CepbIX MOJIMMHKTOBBIX MeCYaHHKOB (BeCbMé 
YacTO KOCOCJIONCTbIX), KPaCHbIX, KPaCHOBaTO-OyPbIX HM PeAKO 3eeHOBaTO-cepED 
M CepbIX aJIeBPOJMTOB WM aprussuTOB. B patione noc. Xambmep-IO (cepepo-Boc 
TouHad YacTb IleyopcKoro Gacceliva) cBuTa cJIOxKeHa B OCHOBHOM KOHTIOMe 
paTaMH M3 raJieK H3Bep2%KeHHbIX HW MeTamopduyeckux Nopod. TlomHas MouHOcTI 
cen? M3BeCTHaA MO paspe3saM toro-3anayHKoro cKoHa Tlati-Xosa, cocrapaae’ 
00—1000 om. 
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| Hyoxnexelinruuckad CBUTa 3auleraeT COriacHO, HO C He3HaYHTeJIbHbIM pa3- 
[BOM Ha YFICHOCHbIX OTJOXKeHHAX NeyopcKoH cepHu. B ceBepo-BOCTOUHbIX 
fouax IleyopcKxoro Gaccelina, a Take Ha ceBepe rpsfpl UepHpiliena (”) 
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Puc. 1, Cxematuueckaa reomoruueckaad Kapta IeyopeKoro Oaccelina. a— YeTBeEPTHNHble 

OTJOMKeHUA, O— TPpeTHUHbIe OTIOXReCHHA, @— MEV, e— lopa, O— TpMac BepxHHi + 

+cpennnii?, e— Tpwac HH2KHMH + CpeAHHH?, 9 — 6a3aIbTOBbIH MOKpOB Ha YpaHulle 

nepMH Mw TpHaca, 3— HepMb, UW — ONepMcKue OTOKEHHA, K — HSBEPIKCHHBIC Nopogpl, 

A— reomoruyuecKWe YTpaHHUbl, m— JIMHHH TCKTOHHYCCKUX HapylleHHH, # — NYHKTBbI 

c6opos (ayHbl HM OPbl B TPHaCOBbIX OTIOMKCHHAX, 0 — YTOJIbHbIM MiacT pa6oueli MOUL- 
HOCTH B TPHACOBbIX OTMO%KeCHHAX 


WKHeXCHAPHHCKad CBUTA OTAeseHa OT MeyOpCKOH cepHw OAHMM WIM ABYMA 
JIMKCHHBIMH B paspese MOKPOBaMH Oa3abTa, B KPOBJe KOTOPbIX OObl4dHO 


AKCHP yiOTCHA He3HAUHTEJIbHbIe Pa3MbIBBHI. 
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OprannuecKuMu OCTaTKaMM CBUTa KpaliHe OesHa. OnpeyestHMbIe pacTuredi 
Hble OcTaTKM He OOHapy2xKeHb!. M3 nuxkuHelt yacru cBuTbl B. C. SacnesoBoH if 
cOopam JI. JI. Xaiinepa usyyena cbayua dunnonog. B BoprawopcKon CHHKIy 
Hasim (ckBaxkuHa Ne 1147, Touka 2 Ha KapTe — puc. 1) onpewemeHbt: Pseudew 
theria tungussensis Lutk., Pseudestheria aff. gutta (Lutk.), a Taxxxe Palaeoli ‘ 
nadia? sp. Pseudoasmussia? sp. C p. Ajgpppi (rouka 3 Ha KapTe) onpefenenth 
Pseudestheria gutta Lutk., Asmussia petasa Nov., Pseudestheria cf. aequali) 
Lutk., Ps. aff. aequalis (Lutk.) var. arguta Nov., Ps. aff. exsecta (Nov4 
a TakxKe pelKkue 9k3emnmusappr Pseudestheria cf. elongata Netsch., Asmuss(}, 
sp. n., Cornia sp. n. Ipucyrersue cpequ mpuBexeHHou dbayHbl TAaKUX (popM, Ké| 
Pseudestheria gutta Lutk., Ps. tungussensis Lutk., Asmussia petasa No Y 
Pseudestheria cf. aequalis Lutk., Ps. aff. aequalis (Lutk.) var. arguta Novi 
Ps. aff. exsecta (Nov.), Maer OCHOBaHHe CONOCTABJIATb HM3bI XCHATHHCKCH 
cepHu C BeTy2KcKHM spycom Pycckol nuardopmer (4), c KOPBYYaHCKOH CBHTC 
p. Tyurycku (8), ¢ mucalimanckxol cputoit Hopaspux-Xataurekoro pationa (7 
u ¢ TyPoreHHO-aprusiuTOBOH Tome Ycrb-Exucelicxoro paliona (7), oTHOC 
MbIMM 0 cdbayHe uv cbiope K HuxKHeMy TpHacy. af 

BepxuHexeHaruuckaa cBUTA (To43) MpedcraBnena mepy 
CJIAMBaHHeM MOJIMMHKTOBBIX 3eJICHOBATO-CepbIX Me€CUaHHKOB (OObIUHO FOpH30} 
TaJIbHOCJIOMCTHIX), AJIEBPOMTOB WM AapruJIHTOB MH peAKHX MpocsoeB yrIMCThy 
aprusmutos. B toxKHo vactu TleyopcKxoro 6accettna (p. M. Cptua, TouKa 6 F 
KapTe) B CBHT€ OTMe¥alOTCAH pefKve Mpocson OypbiX yrvieH, MOULHOCTbIO J@ 
0,64 m. AnespouMTbl H aprHJIMTbl BepXHeXeHArMHCKOl CBUTHI (B OTIM4UMe G 
HM KHEXCHATHHCKOH) HMeIOT MIPCHMYUIeCTBeEHHO Cepbi HW 3eJIeHOBAaTO-Cepbié 
IBeT, pexKe OTMeY¥aeTCH KpacHOBaTO-Oypana wu Oypan oKpacka. B oranune CH 
HW 2KHeEX€HATHHCKOM CBHTbI, B MOpOax KOTOPOH BCTpeyaloTcCA KOHKPelHH JIM 
KaJIbILMTOBOrO cocTaBa (3a ucKO“eHHeM p. AJ3bBbI, re OTMeueHa OHA Kel 
3MCTO-KapOOHaTHaA KOHKpellua), B aprusMTaX UM adeBPONUTAaX BepxXHexeHs 
TMHCKOH CBHTbI CHCTCMaTHYeCKM OTMEeUAIOTCA TakKe CHepHTOBbIe KOHKpellulll 
a B ceBepHol uactH Tleyopckoro OacceliHa Mu 2KeMe3HCTO-KpeMHNCTHIe. i 

MoujHocTb CBHTbI, H3BeCTHaH NO HawOouee NOJHOMy pa3pe3y Ha 1wro-3if 
nafuom ckyoHe Ilav-Xoa, cocraBaser oKon0 1000 m. 

BepxuexeHarHHckad CBUTa COJepxKUT MHOFOUMCIeHHbIe  paCTHTe/bHb} 
ocTaTKH, OObIYHO TwIOxoH coxpaHHocTu. M. ©. Hev6ypr no cOopam ®. VM. Er 
OBO M3 Oaccelina p. B. Crna (ckpaxkuna Ne J[K-5, rouka 4 Ha kapTe) ompi| 
jeseHbl Equisetites sp., Paracalamites sp., Danaeopsis aff. fecunda Halli| 
Cladophlebis cf. parvifolia (Compter.), Cladophlebis sp., Aipteris nervicot) 
fluens Brick, Doratophyllum Entsovae sp. n., Clossophyllum synense sp. n| 
Carpolithes oviformis sp. n., Carpolithes sp. B stom xe paiione no py4b} 
Beptruomy (rouxa 5 Ha Kapte) X. P. Jlom6poscxaa (Komu-Henenxkoe reosorr 
yeckoe yipapjieHue) no cOopam Bb. B. Tpu6anopa onpenenuna Cladophleb} 
sp., Danaeopsis sp., Taeniopteris? sp., Todites sp. Ha toro-3anaquom ¢KA0r| 
Ilaii-Xoa (rouxa / Ha Kapte) no cOopam H. B. LlImenepa, M. ®. HetiOyf! 
onpesenenpi: Glossophyllum sp., Asterotheca meriani (Brongn.) Stur. 

IIpupeyenHpili KommueKc :0pbl CBUJeTebCTByeT O BEPXHETPHACOBOM BOs! 
pacTe BepXHexeHAHHCKOH CBuTHI (Keep — no 3aKmoueHuio M. ®. HeiOypr 

BepxuexeliarMuckad CBUTa 3alleraer coriacHO Ha HW KHeXeliArMHCKOL 
rpaHulla MexKy HAMM MpOBOAMTCA yCOBHO MO pesKOMYy yMeHbIMeHuIO cose! 
*KAHHA KPACHOUBETHO-NeCTPOUBETHBIX MOPOA, NOABMEHMIO yIIMCTHIX NOpoy 
APYruM Mpu3HakamM. 

IIpHBeqenHbie JaHHbIe NO3BONAIOT mpeknonaraTb MpUcyTCTBHe OTO2%KeHH 
Hu CpefHero TpHaca B COocTaBe XeHATHHCKOM CepHu, YTO MOXKeT ObITb BbIACHEH 
Ooulee J€TaIbHbIMM MCCIeqOBaHuAMH. 

YcraHoBsleHne TpuacoBoro BOspacTa XeHATHHCKOM Cepuu MO3BOuIAeT Tepe 
CMOTpeTb BOMpoc O BO3pacTe CKsaquaTocTH Ha TeppuTopuu TleyopcKxoro bac 
ceHHa. Tpuacoppie oTmo%xKenua B TleyopcKom Gacceline (Kak ObviIo yKa3aH 
BbILMe) AMCNOUMPOBaHbl COrmacHO C MOJCTHMaIOWWMMM NepMcKUMU ocalKamMu 
ABJIAIOTCA HanOosee MOJOJOH TOMMeH MHCOWMpOBaHHOrO KOMMsIeKca noOpo) 
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Pa3MbITOH MOBePXHOCTH OTVIOXKEHHM AUCMOUNPOBaHHOFO KOMIVIeKca C pes- 
M YIJIOBbIM HeCOrlacCHeM TOPH30HTaJIbHO WJIM MOUTH TOPH3OHTAaJIbHO 3aJe- 
10T Pa3JIMUHbIe Ooee MONOMbIeE Me3030HCKHe MH KaMHO3O0HCKHe OTJIOMeHHA. 
eM HAX HanOowee JPCBHHMH ABJIAIOTCA CpeAHelOpcKHe OTMORKeHUA (OaTcKHH 
nye (°)). HuxkuHewopeKue oT02%KeHHA Hurge Ha TeppuTopuu IleyopcKoro 6ac- 
Ha HW CM@XKHbIX paHOHOB He OOHapyxKeubl. Takum oOpa30m, NoceqHAA CKay- 
TOCTb Ha TeppuTopnu IleyopcKoro Oacceliva mpHypoueHa K HMHTepBasly OT 
Hla BepXHero TpHaca JO HH30B cpeHel OPH, T. €. COBNaaeT M0 BPeMeHH 
JpeBHeKHMMepHicKOH (aso aubmuucKOorO OporeHes3a. 


Komu-Henenkoe reosormuecKkoe Ilocrynuao 
ymp aB.renne , 25 V 1959 


HMTHMPOBAHHAS JIMTEPATYPA 
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Jloxuage AkayemMuu Hayk GCGe. 
1959. Tom 129, Ne 4 


CEOJIO‘H Sh 


fh 


Cc. M. KPABYUEHKO 


O BYJIKAHOFEHHO-OCAJOUHOM CEPHH ME3030NCKOFO 


MATMATHUYECKOLFO KOMMJIEKCA WEHTPAJIbBHOFO AJIQAHA 
(IT pedcmaeaeno axademuxom H. C. Wlamcxum 8 V 1959) 


Baarogapa pa6oram IO. A. Buav6nna, M. B. Bopogaesckoh u Apyrux uc} 
cfeoBateseii nerporpadua mesosolickoro MarMaTHuecKoro KommueKca Llext| 
pasbuHoro Asana usy4¥eHa JOBOMbHO JeTaibuHo (* *). BrisicHeHbl Takxe Ero 06} 
ee TeOOrHyecKoe MOMORKeHHE HM OCHOBHbIE TeHeTHUeCKHe OCOGeHHOCTH (7”,’)! 
B TO Ke BpeMA, H3BECTHBIC JaHHble MO TeoOOrHH KOMIWIeKCa Kpalne OrpaHH) 
YeHbI. | 
B pesyabTaTe uccneqopanuh 1957—1958 rr., mpoBewqeHHbIX C y4acrTHen| 
E. B. Baacopol, aBTopoM nouyueHbl HOBbIC JaHHbIe MO HEKOTOPbIM BOTIpocah 
reosOrHH YKa3aHHOrO KoMMeKca. B uacTHOCTH, JOKa3aHO CYLeCTBOBaHHe BYJ* 
KaHOreHHO-ocajlouHOn cepHu. Bo3MOxKHOCTb HaXOKeHHA 3hPy3MBHBIX U Tyo: 
r€HHbIX MOpOl B cocTaBe Me3030HCKOrO MarMaTH4ecKOrO KOMMVIeKca JonycKa‘ 
JaCb HEKOTOPbIMH HMCCIeLOBaTeAMH, HO HX CYWIECTBOBaHHe JOKa3aHoO He Obi« 
(®,"). CaeayeT OTMeETHTb, UTO BYJIKAHOFeHHbIe OOPa3s0BaHHA H3BECTHbI B paliona? 
1OX%KHOM UM 1Oro-BOCTOUHOH OKpauH AufancKkoro umta (°,1°). Ha wore oTmeuene} 
KBapleBble NOPuphl, NOPPUPHTHI HM UX TYbI, NpeANONORUTEMbHO BepxXHerop: 
CKHe — HHKHeMeJIOBbIe (?); Ha }OFO-BOCTOKe «aHJe3HTh> H AX TYDbI, Npewqnoso| 
X%KUTEJIbHO NocueropcKue (?). IO. A. Bunn6uy yKa3biBasl, YTO «NOpdupoBpie 6pek’ 
un» Mnabrmaxa nerporpaduuecku aHavOrHuHbl Ty~amM vIn TYyPoOpekunam} 
OyHakO BBY HEACHOCTH YCIOBHH UX 3aseraHHA 29TMM HCCHeLOBaTeNeM Opllé} 
mpelioxeHa THMOTe3A BOSHHKHOBEHHA «MOpUpoBbIxX OpeKuH» B pesysbTAaTE 
momawqaHuA MpOLYKTOB MOBEPXHOCTHbIX BbIOPOCOB BYJIKaHOB B MarMy, 3alOJIHAIO- 
Iy10 «TpyOky B3pbipa». Ora runotTe3sa B HaCTOSLee BPeEMA ABIAeETCA OOUIeENpH- 
uatou (°,°). IO. A. BunuOun npegnonaran, uro noposb, O6pas0BaBmineca Ha 
QHeEBHOH NOBEPXHOCTH B Pe3YJIbTaTe BYJIKAHHYeECKOM JeATeEMbHOCTH, B HACTOA- 
imee BPeMA yoKe pasmpiThI (%). 

Cnefyrourue akTbl JOKa3biBaioT CYyMIeCTBOBaHHe BYJIKaHOreHHO-ocaouHOH 
cepun: 1) saneranve «nopd@upospix 6pekuuli», TpPaxHTOB M NceBLONeHLMTOBHIX' 
MOp@upoB B Bue coucTOH Ton; 2) HalMuMe y «mOpdupoBEIx OpeKunit» TeK- 
CTYPHBIX OcOOeHHOCTel, NPHCyMLMX CCaLOUHLIM Noposam; 3) Tecuas cdbawuanbyHaA 
B3aHMOCBA3b TydoOpekyn, Tyd@osp uM aprunnuTos. BymkanoreHHo-ocanounaa 
cep ycTaHoBjeHa B cocTaBe Viampimaxckoro, JbKekonyzuncKoro, Tommort- 
ckoro HW AKOKYTCKOFO MaCCHBOB, T. €. BO BCeX TeX palionax, rye IO. A. Bunn6u- 
HbIM YKa3aHbl «NOpPupoBple Opekunu». Kpome Toro, Tydbi H TyoOpekuun B He- 
SHAYMTEbHOM KOJIHUeCTBE YCTAHOBJIEHbI B BepxoBbaAX p. B. FOxta (xao4 
PKuIbHbI) HM Ha 614-m kuometpe wocce B. Hesep-Angan (yuacrox Mpau- 
Hbli). Varepecno, uro yuacTKM pa3sBHTHA NMOpok BYKaHOreHHO-ocalouHolt 
cepHH MH OObIUNHO MpHypoueHHbiIe K HUM HeeHHOBbIe HW WeNOUNBIe CHeHUTEI 
PaCNOJIOXKEHb!I B «y3/1aX» KBaPpaTHOM MePHAMOHAIbHO-IUMPOTHOM «ceTKH», Ha 
paccrosuuu 20—25 km ypyr or zpyra. CymectTBeHHo TakxKe, UTO YacTb yKa- 
SaHHBIX YYaCTKOB WH MACCHBOB HeeJIMHOBbIX M ULeJIOUHbIX CHEHHTOB mpuypo- 
weHa K OC€BOH 30HE apxXeHCKOM CHHKJIMHA@JIbHOM CTPYKTYpbI, a Me30301iICKHE 
PasJOMbI YHAaCJeAyIOT HaNpaBseHHA OCeH apxXeHCKUX CTPyKTYyp. 

HavOonee noxpo6uo u3zyyeHbi «TpaxuTosbie Opekunu» JKeKonsn, CpaBHH- 
TeJbHO XOPOMO OOHAKeHHHIe. Secb ycTaHOBIeHAa MOMHAA (BUZMMaA MOULHOCTS 
okolo 400 M) By”kKaHOoreHHO-ocamouHad cepua, oG6naqaimas PHTMHUHbIM 
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pa3slioMy compuKaca- 
CA C HW KHeKeMOpHE- 
|KMMM JOJIOMUTaMH 1O0M- 
ko CBHTHI, a Ha tore Ha 
iP3HAUMTeEIbHOM MpoTa- 
XeHMM, TakKxKe MO pa3so- 
Wy,— C HMKHMMH ropn- 
|DHTaMH 1OpCKAX OTIOXKe- 
(uit. Ha cepepo-BocToke 
0 KOHTaKTy BYJIKaHO- 
HHOW TOIL WH HY KHe- 
HeMOPHUCKUX OTIOMKeHH 
WHEPHJIMCb MelaHUT-3rH- 
WH-aBrHTOBbIe CHeCHHTHI, 
ia CeBepo-sallajle HW 3atia- 
He — aBrHTOBbie WH 9IrH- 
|) WH-aBPHTOBbIe CHeHHTO- 
\MOPUTbI, Ha 10Fro-3arla- 
je — 93PMPHH-aBrvToBble 
/wenutul. 

Cyiax mo 31eMeHTaM 
saleraHuaA mOcKocTeli 
qamiaCTOBaHuaA, BYJIKa- 
ROFeHHAA TOMA Ccaraer 
IOMOry!O ACHMMeTPHUHYIO 
ymbay. Tlopogqpr nayaror 
KWeHTpy maiouaqu pac- 
HpoctpaHeHuaA Mog yrua- 
u 20—40°. Cuzoncrtsiit 
apakTep TOJIH ycTa- 
aBJIMBaeTCA CpaBHUTesIb- 
HO JerKO OlaroqapaA Ha- 
IMUMIO YeTKO BbIparKeH- 
HbIX TpoOcmioeB KPeMHH- 
CTbIX APPHJIIUTOB (Zo 1O— 
12 M MolLHOCTHIO), Mpo- 
SIEXKEHHbIX MO MpocTupa- 
HHIO Ha HEKOTOPBIX yuacT- 
Kax jo 0,8 km. Ha Tex 
yuacTKax, Te KOPeHHBIe 
3bIX ONLbI OTCYTCTBYWT, 
IpOCIOW KPCMHUCTHIX ap- 
-HIJIMTOB MHOra oTueT- 
THBO TIPOCsexKUBAIOTCA 10 
ycTyiaM B Mpopuse CKIO- 
qa (puc. 2). 
BysjkKaHoreHHadA = TOJI- 


a 


)/ PoeHHeM H BKTOYaIONlaAd Typbi u TypoOpekunH TpaxuToB U3peKa ceBLoell- 
(MTOBBIX MOPUPOB, TPaXUTbl, KPCMHMCTHIC APrHJIUTHI H aJeBPOMUTHI. 

| B patione Bepxosbes p. J>Kekonybl moposel ByKaHOreHHO! cepun pac- 
)POCTPaHeHB! Ha M10llaqM 6,6 km® (puc. 1). Ha cepepe u Ha wro-BocTOKe OHM 
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Puc. 1. Cxematuyeckas reomormueckaa kKapta J[>KeKOHHH- 
cKoro maccHBa (cocTaBseHac yuactuem E. B. Baacopot mo 
MaTepHaslaM nomeBbix pador 1957—1958 rr., ucnonb30BaHbi 
mauuple IT. I]. Cmomnua). / — ceabpcOepruTbi uv CHeHHT-TOp- 
(bupbl; 2— allIMTbI M JeHKOKpaToBble rpaHOCHeHHTH; 3 — 
CKapHbl; 4— CHeCHHTbI 9THPHH-aBruToOBble; 5 — CHeHHTO-AuO- 
PUTbI ABrHTOBbIe WH STHPHH-aBrMTOBble H HX Nopduposple 
aHanorH; 6— JMOpuT-nopdupuTel; 7 — mewaHuT-3rMpuH- 
ABIHTOBbIe CHeHHTbI; 8 — cpefHe-BepXHelopckad HM BYJIKa- 
HOHOTeHHO-ocafouHan cepa; 9 — HMxKHe-cpemHelopckue 
mecuaHHKH MW apraJJIMTbl IOXTHHCKOH WU YybMaHCKOH CBUT; 
10 — nvKHeKeMOpHiicKHe ZOMOMUTLI OJOMcKOl cBnTEI; JJ — 
apXeHCKHe aJIACKUTOBbIE TpaHUTbl; amibHOomMTHI *u THEHCHI; 
12 — 9emMenTbI 3aleraHHA MWvIOCKOCTeH HallwlacTOBaHHA BYVJI- 
KaHOreHHO-OCafO4HOH CepHH HW MMocKOcTeH OpHeHTHPOBKH 
KPHCTaJIOB MHpoKceHa H KayMeBoro MomeBoro winaTa HHT- 
Py3uBHbIx Mopoy; 13 — Mapkupyroule Mpocon KpeMHHCTbIX 
TYPOreHHBIX aPPHJIUTOB WM KPeMHUCTEIX TycdoOpeKyHi; 
14 — MMHMH pasIOMOB 


a OOHAPyXKUBaeT OTYETIMBO BbIPAaKeHHOe PHTMMYHOe CTPOeHHe. PHTMbI Iep- 
30rO MOpAAKa MOULHOCTHIO OT 6 Mo 45 mM cocTost u3 sdpy3nBoB (TpaxuHtbl), 
<PYMHOOGJOMOUHEIX TyPoOpek4nh, TydPoB HW KPeCMHHCTHIX aprHMJJIMTOB. OHako 
PpySHBbI H, CEMOBATE/IbHO, MOHbIE PHTMbI pelKH. 

Kak mpapuso, HaOoqawrca TpexuieHHble PHTMbI: TypoOpekyunu, Typ, 
<peMHucTple TyporeHHble aprumiuTel. BuyrpH puTMoB HaOwoaeTcA PHTMHY- 
{OCTh Ooee MeEMKUX NOPALKOB, BMVIOTh MO MAKPOPHTMHUHOCTH. XapakTepHO 
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HepecaHBaHhe KPyMHOOOJOMOUHBIX TyPoOpek4Hi U TYPOB H TOHKOE Mepecsa: 
BaHHe TYPOB HM KP€MHUCTHIX aPPHJJIMTOB. 


HHOra COMep*KalllUX B OCHOBHOM MaCCe CTEKJIO, CTEKJIOBATHIX JlaB, a TAKE MCeBy 
WomevitlMTOBbIe NOpupLl U TpaxvanpesuTbl. Kpome Toro, yacTO BcTpeyaloTca OO} 
JIOMKH KPHCTAaJIOB KUCIOFO Wiarnoka3a, KaJIMeBOrO MOMeBOrO WiNaTa H cena 
u3pelKa TakxKe IWBeTHOrO MUHepasia, 3aMeLeEHHOFO STHOTOM, 3eJIeHbIM OMOTH) 
TOM HM KapOOHaTOM, anaTHTa HM MarHeTuta. ! 
Jina tydoOpexunii u TydoB xapakTepHbI cuefyroulMe TeKCTYpHbIe OCcoGeH| 
HOCTH, CBOMCTBEHHbIe OCaOUHbIM NOposam: 1) TOHKaa, MHOrAa KOCaA CONCTOCT] 
WM PHTMWMUYHOCTS B YepeAOBAHHN PasJIMYHbIX MO COCTaBy HM 3ePHHCTOCTH NOposy 
2) OTUETIMBO BbIPAaKeHHOe PacipesesenHne COJOMOUHOFO MaTepHasa MO Be 
He pa3MepOB OOJIOMKOB OT HH2KHEH K BePpXHeH YaCTH PHTMOB Pa3JIHUHBIX NO} 
PAQKOB WU OTICIbHbIX COeB; 3) MTaBHOe H3M€HEHHE MOLLHOCTH C0eB TOHKOOO} 
JOMOUHOFO MaTepHasa B 3ABMCHMOCTH OT BbICTYNOB WIM BiaqHH Ha NOBepXHOy 
CTH MOfcTHarollero KpyMHOOGOMOUHOrTO c0A; 4) HaIMYMe MeAKUX ONOJISHel 
BbIX CKIaqouek. 
TekcTypHble OcoGeHHOCTH TyoB Hu TyoOpekuHi CBHAeTeIbCTBY!OT O Mop! 
MMPpOBaHHH BYJKAHOTeHHO-OCaOUHOH CepHH B YCJIOBHAX KpaHHe HeECNOKOU HOF 
TEKTOHHYeCCKOH OOcTaHOBKH. Murepecuo, 4TO KOJIMYECTBO PHTMOB MepBoro M10} 
PxALKa, OVCBHHO, COOTBETCTBYeT KOJIMYCCTBY MOL[HbIX IKCMJIOSHOHHBIX ABJIE! 
HHH, MpeAWIeCTBROBABINUX OTJIOXKEHHIO OOJOMOUHOFO MaTepHasia TyPoOpekuHH. 
Ilo cpapHeHuto c omMcaHHOH cepven JbKeKOHJbI BYJIKAHOreHHO-ocaouHas 
cepua blasmbimaxa wu SAKoKyTCKOrO MaCCHBa XapaKkTepH3yeTCA 3HauNTeIbH 
OobIIMM pa3sBUTHeM 2dPdpy3uBHbIX NOPOA, a cpesu mocnweqHUxX — pe3kuM mpe4 
oO1aaHHeM MceBAOeHWHTOBLIX NMOpdPupos. OpHako culeqyeT UMETb B BUY, YT 
“UaCTbh TCeBAOJICHUHTOBLIX MOPpPHPOB MOxKeT ClaraTb He acdpy3suu, a cekyund 
cyOByiKaHHyeckhe Tela. Jia BysIKaHOrTeHHO-ocazouHOH cepuu Tommorckord 
MaCCHBa XapakKTepeH B WeOM Ooee OCHOBHOH cocTaB. | 
TIpampie JaHHbIe OTHOCHTebHO BO3pacTa BYJIKaHOreHHOM cepun orTcyTcr- 
By1oT. KocBeHHble JaHHbIe MOTyT ObITb MOYYeHbI B PesybTaTe aHau3a coor4 
HOWeHHH BYJIKAHOreHHO-OCaO4UHOH TOULIH C HHKHEKeEMOPHHCKOH UH 1OpcKor 
TOJMAaMH WH MarMaTHYeCKHMH NOpOfaMH Me3030HCKOrO KOMMUJIeKCa, a Take 
paCCMOTpeHHA JaHHbIX MO perHOHaIbHOM reoworHuH. 
J\ua MHOPAX y4aCTKOB PasBHTHA MOPO BYMKAHOFeHHO-OCaOuHON cepHi Xa- 
pakTepHO MX 3asleraHHe B HEMOCPeACTBCHHOM KOHTAKTe C }OPCKUMH OTJIOKeHHA- 
MH, HHKHHe TOPHSOHTbI KOTOPbIX OTHOCATCHA K HM2KHEIOPCKOMY OTJemy (1OxTHH! 
cKasa cBuTa). B HeKOTOpBIX CyYatxX PAL WAHHbIX CBUJeTebCTBYeT O MpHypo! 
Y€HHOCTH YUaCTKOB Pa3BUTHA NOPOL BYJKAHOreHHO-OCaOUHOH TOM K 30HE 
pasnomos (AkoKyTCcKul H TomMorcKHli MaccHBEI, Bepxopba p. B. WOxta u yua- 
cTok Mpaunpiii). B To xe BpeMA KPEMHHCTHIe APPHJIJIMTHI MU aIeEBPOJHTHI BYIKa- 
HOFeHHO-OCaOUHOH CepHM OYeHb OIM3KH K KPCMHHCTEIM aprHJJIMTaM MW ameBpo- 
JIMTaM BeEPXHUX TOPH38OHTOB IOPCKHX OTMOXKeHHH. CyulecTBeHHO TakKe, UTC 
NMICeBAOMEHIMUTOBbIE THHTYAaHTbl, TeEHCTHYCCKAA CBA3b KOTOPHIX C MCeBAOMeHILH- 
TOBbDIMH MOpOfaMH BYyJIKaHOreHHOM CepHH OUeBHHAa, MepeceKaloT He TOJbKO 
mocseqHve, HO TakxKe MW JopcKHe oTJOMReHHA LleHtpanbHoro Aujana. | 
Bce sTO faeT OCHOBaHHe MpefznoaraTb, 4TO BYJKaHOreHHO-ocaqouHaa 
TOMA gaeraeT B Yy4aCTKaX, OMYWIeHHbIX NO pasJlIoMaM HM MO BospacTy 
HECKOJIbKO MOJIOXKE BePXHHX TOPH3OHTOB WPCKHX OTMOKeHHH LlenTpaue- 
Horo Awana. Bospacr nociequux, cya mo ananorum c UyapmManckum 
PaHOHOM, BepOATHO, COOTBeTCTByeT Havasly CpekHeropcKol snoxu Xapaxrep- 
HO, YTO B Npegxetax UWenrpanbuoro Anjana nioulalb pasBuTusA NOpoy BywKa- 
HOreHHOM CepHu Kpalive HeBevKa (OKOuO 30 KM). OueBuyHO, 9TO CBA3AHO C TEM, 
4uTO B Apyrux yuacTKax, He ONYIMeHHbIX MO pa3JIOMaM, ByJKaHOreHHO-ocajou- 
Had TONULa, ClaraBliai BepXHHe FOPH3OHTHI IOpCKorO OcasOuHOrO KOMIWIeKCa, 
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acToAlee BpeMA yxKe pasmbITa. Murepecuo, To ByIKaHOreHHaA BepXHEwp- 
A — HWKHeMesOBad (?) TOMA 1;OxXHOH OKpanHE! AngancKoro wWHTa 3ae- 
T Ha BePpXHe- HW CpeMHeIOPCKUX OTVIORKeCHHAX WIM HEMOCPeMCTBEHHO Ha apxee 
. He uckmoueno, 4TO ByIKaHOreHHO-ocafounad Toma Llentpanbuoro An- 
a B H€KOTOPbIX C/lyuaHx 3asleraeT Ha KEMOPHHCKUX OTMOREHHAX WIM JarxKe 
apxee. 

Takum 00pa30M, H3JIOXKeHHbIe BHIINe JAHHbIC MOSBOJAIOT ITPeLMOOKUTS, UTO 
BospacTy ByJIKaHoreHHo-ocafounan Tomula Llextpanbuoro Anjana oTBeuaet 
HILy CpeJHeIOpCKOl WH, MeHee BEPOSATHO, Tak?Ke Hatasly BePXHeIOPCKOM 3TOX. 
OT OTpes0K TeoOOrHyecKO HCTOPHH- COOTBeTCTBYyeT HaHOomee HHTCHCHBHbIM 
PMaTHYeCKHM MPOABJICHHAM B IIpefesax TeEOCHHKJIHHAIbHOH O6acTH, MpMbI- 
joule c rora Kk AswfaHcKomy WUTy. 

HakonJieHHbIii K HaCTOALLeMy BpeMeHH (pakTHUeCKHH MaTepHan HaOOLeHUIi 
J, MepeCceveHHAMM Pa3JIMUHbIX MarMaTHyecKuX nopog Llentpanbuoro Anjana 
cnefopanua M. B. Bopogaescxor (*), A. MW. Kyxea, H. JJ. Wanomuuxoga, 
A. Tuomuyoson, 3. I. Moranosoti u zp.) u momyueHHple HAMM JlaHHbIe CBH- 
€JIbCTBYIOT O TOM, UTO BYJIKAHOreHHO-OCafOuHad TOA ABJIAeETCA HanGovee 
eBHeH B COCTaBe Me3O30HCKOrO MarMaTHyYecKkoro KommMiekca *. B Jambueli- 
M, B YCJIOBHAX CpeqHel MiyOMHHOCTH, NponcxoyHo PopMupoBaHHe MHTPy- 
BHBIX TeJI HEeJIMHOBLIX H UeJIOUHbIX CHEHHTOB, MPHueM C MepBbIMH W3 HUX 
\AZAHbI MerMaTHTbI C PeAKOMeTaIbHOH MHHepasmnsanven. Jlanee B runaOuc- 
JIbHBIX YCJIOBHAX COPMHPOBaNHCb WITOKH HW MOULHbIe BEPTHKAIbHbIe WanKu 
JIOUHOSEMEJIbHbIX CHCHUTOB, CHCHHTO-MOPHTOB, TpaHOCHeHHTOB UM J\pyrux 
pol C MIaCTOBLIMH ano*pusaMu, C/OXRKeHHBIMM NOPHPOBbIMH aHavoraMyN me- 
2YHCJICHHBIX BbIWe PasHOBHAHOCTeH. Hakonell, 3aBepllatowluM ABMWJICA 93Tal 
OPMUpOBaHHA KOMIMIe€KCa Jlaek pasHOOoOpasHOroO COCTaBa: aBrHTHTbI, JMMOyp- 
ITbI, CCJIbBCOeCPruTHl, MCeBLOCHIMTOBbIe THHTYaHTbl H 9FHPMHOBbIe PpPaHuTb! 
Jaraioulve Takxke HM WTOKH) u mp. C menouHosemMeIbHOM rpynmou, a TaKxe 
KUMCJIBIMH MOpOaMu JauKOBOTO KOMIMVJI€KCa CBASAHbI 3OJIOTOHOCHbIe H acbecTo- 
CHbIe OOpa3s0BaHHA, a Tak2%Ke pasHOOOPasHble KBapPLeBbIe MKUVJIbI C PJIIOCOPHTOM, 

JIMOJCHUTOM, TaJieHHTOM Mu Ap. C fakkamu cesbBCOeEpruTOB CBA3aHbI Hede- 
MH-STePHH-aJIbOMTOBbIC 3OHbI, HeCyllve PeKOMeTAJIbHYIO MHHe paJIW3allHlo. 

BpIBOJb OTHOCHTeEJIbHO BOSpacta scdy3HBHO-OcaqOuHOH CepHH UW HHTPy3HB- 
ix nopox LlentpanbuHoro Anfana, CenaHHble Ha OCHOBaHMM aHaJv3a Teouo- 
YECKHX COOTHOIICHHH, XOPOWO cormacyloTca Cc ONpeweseHHAMH aOcouOTHOTO 
spacta K/Ar mMeToyOoM NerMaTHTOB LeOUHOSEMEJIbHbIX CH€HHTOB MH aHOPpTo- 
ja3sa jaypBuKkuTos. Ilo qanupim JI. I]. CMonuna, ux Bo3spacT cooTBeTCTByeT 
epxueli rope (1°). 

V3102%KeHHbIe BbIILMe JaHHbIe MO3BOUIAIOT C HOBbIX MOSHI NOJOWTH K aHalH3sy 
CTOpUM dOpMupOBaHHA, TEKTOHHKHM HM MeTaJIJIOTeHHH Me3030HCKOrO MarMaTH- 
eckoro Komiekca IlentpambHoro Aujfana. 

VuctuTyT MMHepasoruu, reoxuMun Tloctynuso 


M KpPHCTaNJIOXMMHH peKHX 93JIeMeHTOB 5 V 1959 
Akanemuu Hayk CCCP 


IMTHPOBAHHAA JIMTEPATYPA 
1Y. B. Beaos, Marep. no syakaHusmy JOxHol Axytuu, Tp. Bocr.-Cu6. dun. AH 
CCP, cep. reou., B. | (1954). ? IO.A. Buau6un, TocnewpceKue uutpysuu AnpancKkoro 
aiiona, Ilerporpadusa CCCP, cep. 1, Pernonanbuasa netporpadua, B. 10, W3a. AH CCCP, 1940. 
10. A. Buau6un4u, [lerporpadua blanpmaxckoro nutpy3upa, M., 1958.4 M. B. B o- 
omaespekaa, Tp. Hurpusonoto, p. 18, 1951. ® Teonormuecxoe crpoenne CCCP, 2, 
armatu3m, M., 1958 §® TocymapcrBeHHas reomoruyueckan Kapta CCCP, macuita6a | : 1 C00 000. 
uct 0-51 (Annan), O6nacHuTenbHaa 3anucka, M., 1958. *1O. K. W3seBanosceknu ii, 
iarep. BCEITEW, nos. cep., B. 1, 1956. § B. H. 3Bpepes, Tp. Im, reon.-pazs. ynp., 
96,1931. 9% A.T. Kau, Tp. Bcecowsx. asporeom. Tpecta, B. 2, 1956. 2 TI. N. Cmo- 
uu, Msgs. AH CCCP, cep. reom., Ne 1, 1959. “4M. A. Croasap, Tp. Hayun-neca. 
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* Cuennt-nopdupbi 1 KBapleBble Nopdupbl, OTMeyaeMble B COCTaBe radieK 6a3aJIbHCrO Topu- 
)HTa JOXTHACKOM CBUTHI, ABAAIOTCH MOHMAKHEIOpCKUMH. Bompoc 0 Tom, clelyer JM MuacTCRble HA 
ikOCOpasuble Tela CHeHMT-NOpdupow M KBapleBbIX Mopdupos, sameratouywe B KeMOpuhicKux 
OKCHHAX WIM B apXee (HM KaKHe H3 HX), OTHOCUTb K JOHHKHEIOPCKHM,— OCTACTCA OTKPBITHIM. 
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Jlokxayp AkawemMun Hayk CCCP 
1959. Tom 129, Ne 4 


TEOJIOT fg 
T. A. KY3HELLOBA | 


K XAPAKTEPHCTHKE ®JIOPbI AKUATbIJIbCKUX OTJIOKKEHHM 
HW)KHEH KAMbI HW KYAMBbILIEBCKO-CAPATOBCKOLO 
3ABOJDKbA 


(ITpedcmaeaeno axademuxom B. H. Cyxaueeoim I VI 1959) 


Visyyenue CiOpoBO-MbINEWeBLIX CMeKTPOB ayHHCTHYecKH OxapakTepUu3¢ 
BaHHbIX MOPCKHX OTJIOXKCHHM AKYAPbIWIbCKOTO ApPyca MmpeNcTaBAeT MHTepPE 
B CBA3H C BONMPOCaMH PaCUJIeHeCHHA MJIMOMeHOBEIX OOpasoBaHnh. Jha BHIABJIE 
HUA STAIOHHOM COPUCTHYeCKOM XapaKTePHCTHKH AKUAPbIIbCKUX OTJIOXKeHH 
Bonro-Kamckoro Kpax HaMu Oplia UCMOMb30BaHa KOJJICKUMA OOPaslloB Nope 
ec Cardium dombra Andr., Cardium pseudoedule Andr., Avimactra subcaspi 
Andr. u apyrou mopceKol akuarbimbcKol (payHol, coOpannan H. B. Kupcan 
BbIM B KOPCHHBIX 3aJleraHHAX B PasMMUHbIX MyHKTax Kasanckoro, KyHOpiuer 
ckoro u Caparosckoro SaBomxKbA. PesysbTaTbl CNOPOBO-MbIIbILeEBLIX AHAJIM3C 
cBefeHbl B Tabs. |. 

B cnopoBo-MblvIbleBbIX CN€KTPaX AKUArbWIbCKUX OOPasOBaHHH JOMMHUP ye 
MblJIbila JPCBeCHbIX PaCTeHHH MPeMMYWIECTBEHHO FOaPKTHYeCKUX H aMepuKAaHe 
eBpa3HaTCKHX POOB, B OTAeIbHHIX OOpasilax octurarwuwan Y8—100%. Toc 
NOAcTBYeT MblIbia XBOHHbIX cem. Pinaceae (Pinus, Picea, Abies). M3 apyru 
XBOHHbIX OTMeUeHa MblIbia Tsuga, Larix, Cedrus, Keteleeria. B suze exunut 
HbIX 9SK3CMIMIAPOB BCTpeyaeTcA MbWIbla Taxodiaceae, Cupressaceae, Junipe 
rus, Podocarpus (?). B HeKoTopbIX OOpa3ilaX OTMeYAIOTCH MePeMbITHIE MbIVIbI 
Bble 3epHa ApeBHUXx xBolHbIX (Coniferae). JIvcTBeHHbIe NOpOAb! AepeBbes mpe) 
CTABJICHbI MbIIbIOM MPCHMYLW[eECTBeEHHO CepeXKKOUBETHBIX (Salix, Betula, Alnus 

Tpibua TepmMocdumbyprx copm (Ulmus, Tilia, Quercus, Corylus) serpeyaere 
pexe.. B HekoTopbix OOpa3liax u3 CapaToBcKoro SaBouoKbxA OTMeYeHa MbIVIbI 
Tuna Carya. 

IIpu cBoelH OMHOTHNHOCTH CNOPOBO-MIbWIbIeBbIe CHeKTPbl AaKUAPbIIbCKM 
o6pa30BaHHH XapaKTepH3yIOTCA pa3JIMYHbIMH KOJIMYECTBEHHBIMH COOTHOLLE 
HHAMH OCHOBHbIX py KOMNOHEHTOB, a TaKXKe Pa3JIMUHbIMH KOJIMUeCTBEE 
HbIMH COOTHOIICHHAMH MbIJIbIbI OTICbHbIX POJOB HU CeMelCTB B TOM HH UHO 
rpynne. Tak, Oobilaa YacTb aHaIM30B NOKasala npeoOalaHHe B cieKTpa 
MbWibUb! Pinus wa mpwibllo Picea. HeogunakoBnim sBasaeTcA coyepxKaHn 
nbiibubt Larix, Abies, Tsuga u Apyrux XBOHHbIX B AKUAPbIbCKHX OTIOMKeHUA 
pasMuHbIxX palionos. [Ibimbua Larix yale Bcrpeyaetca B U3yYeHHBIX OOpasc 
BaHuAX Hyxkuelt Kamut uv KytOnmiesckoro 3apoumkba (0 3%), 1oxwKHEe MIbIJIbIL, 
ee oTMeyaeTcaA ONeHb pelkO. [Ibibua Tsuga, HaoOopot, HavuOomee o6piuua ; 
CNOPOBO-NbWIbUeBLIX CNeKTpax CapatoscKoro SaBommxKba (0 10%) uv B BAF 
CMMHMYHEIX SK3CMIVIAPOB BCTPpedeHa B aKYaPbWIbCKUX OTIOKeHNAX HyKHE 
Kamer x KyiOputescxoro SaposmKpa. Tlbimbua Taxodiaceae, Cupressaceae 
Juniperus BcrpeyeHa B CMeKTpaX 1OX%KHbIX PalOHOB HM COBCeM OTCYTCTBYeT B ak 
YarblIbCKUX OTMO%KeHHAX HyKHeH Kampt. 

OrmeyaeTcsa HeOdMHakOBOe yUaCTHe B COCTAaBe CMOPOBO-IIbIJIbILEBLIX CEKTPO 
MIbIIbIUbI JIMCTBEHHEIX JPCBeCHLIX H TPaBAHHCTHIX pacTeHuli. B akuarblJIbCKH. 
rimHax pationa Huxnet Kamp mpiiblla TpaB WM JIMCTBeCHHBIX JepeBbes BcTpe 
YaeTCA JIMUIb B OTMeIbHbIX OOpasilaxX B Bue CAMHMUHBIX 9K3EMMIAPOB, H 
mpeBbilliad B CyMMe 5% OT OOllero KOMYeCTBa MbWIbiUbI u cnop. B akuarbiit 
ckUuX riMHax KylOpitlepcKo-CapaToBckKoro SaBomxKbsA cOdepKaHne yKa3aHHo 
MbWIbIbr BOspactaet (fo 8—14%), u Gomee pasHooOpasHbIM cTaHOBUTCA e 
BAOBOH CocTaB. 

Yuactne cnop B CHOPOBO-NbVIbUeBLIX cnekTpax Hyxuelt Kampi nesnauy 
TEJIbBHO, B AKYAPbIIbCKHX OTIO%KeHUAX KyOpiuescKko-Capatosckoro 3aBouKb 
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ep2kaHve UX YBeIMYMBaeTCA WM B HEKOTOPHIX OOpasiiax octuraer 14—18%, 
mMeveHbI ChOpbl NanopoTHHKoB (Polypodiaceae, Gleichenia, pexe Cyathea, 
#smunda), mxop (Sphagnales), nuayHos (Lycopodiaceae). 
|| Wsmerenust B cCOCTaBe CMOPOBO-NbIIBUeBbIX CNeKTPOB aKUYAarblJIbCKUX 
W\JIOXKEHHK, MO-BHJMMOMY, OTPaxKaloT CyIeCTBOBaBLUMe B ak4arblIbCKHH 
WK pa3vIMUWA B KJIMMaTe H PaCTHTeIbHOCTH Ha TeppuHTopun CpefHero 
WOBOIxKbA. B TO BpemMsA, Kak B palione Huxnet Kamp rocnoscTBoBasu 
1 OHHbIe seca H3 COCHBI HM eM C He3Ha¥HTebHOH MpHMeCbwO MMXTHI, JIMCT- 
WHHHLUbI, UWyrH HW CepeXKKOMBeTHbIX C HEOOMbIHM TPaBAHMCTbIM MOKPOBOM, 
coctape secoB KyiiOpimescKo-CapatopcKoro Sapou2%KbA HapsAy Cc Ha3BaH- 
IMM BbIWe PaCTeHHAMH MPOUN3PaCTaJM TPeTHUHbIe 9K3OTbI — Take, Kak Ta- 
pdiaceae, Cupressaceae, Juniperus, Cedrus — u cyulecrBoBann yuacTKH Cc pa- 
#HTEMLHOCTLIO JyrOBO-cTenHOrO THNa. BO3MO%KHO, YTO TPaBbl 34HHMaJIH B J1eC 
DM JIaHAWadte Conee cyXve yuacTKH (OOHAKeHHA, CKJIOHbI), a NO3MHEE, C H3 
SHEHHEM KJINMATHYCCKUHX YCJIOBHH, OOpaso0Basiu cbopMalluu cTeneH, 3aHHMaB 
#ue B COBP€Me€HHOM JlaHJadTe 3HauHTebHbIe TeppuTOpHH KyhOpiweBcKo 
WapaTOBcKOrO SaBowKba. 
|) ConoctaBeHne JaHHbIX CNOPOBO-MbIVIbIeBLIX HCCeMOBaHHH NOSBOMHeT BEI 
IPIIMTb WWIA akuarbiIbCKUX OTJIOXKeHHH UCcIeLyemMOH TeppuTopuH 2 TuNAa cno- 
)OEO-IIbIJIBICEBIX CN€KTPOB, BbIJeJICEHHBIX B Ba KOMNueKca: I — cnopoBo- 
WbIIbILEEOH KOMMJIeKC — JIeCHOH TaexHOrO Tuna; I] — cnopoBo-nbinbueBon 
HOMMJIEKC — J€CHOH Tae€KHOTO THNA C Se€MEHTAMH JIECOCTenH. 
| ITKomnaexkc oOGnapyxeH B 21 cOpasue us 27, coxepxKallinx MbWIbUV 
cnoppi (cM. Ta6n. 1). OH xapakTepH3yeT akuarblibckve OTNMO2%KeHHA Hy kuHeli 
AaMbI (ckPaxuHa No 5178 — gn. Tlonropupe Batnspp; cOuamxenve No | — 
NmapcKni TlounHok; ckBaxKuHbI NeNeo 4 n 82 — a. Aman; o6Hamxenna Ne 2 — 
. MycatomKuno, N°Ne 3 uw 4 — a. Hypaart) wu HexoToppix nyHKToB Kyi6piles- 
mkO-CapaToBcKoro SagosuoKbA (O6HaxKeHHA Ne 5 — a. Cmpiunaepxa, Ne 7 — 
|. Koppeepxa, Ne 8 — yn. Tlapdenopka; cKkBaxunpr Ne 53—Anexcangpos-lait, 
ale 37 — n. Jlepraun, Ne 38 — copxo3 Jlexa6pucr). 
Oco6eHHOCTbIO KOMNVIeKCa ABMAeTCA NpeoOsalaHNe MbIVIbUbI XBOHHBIX (CM. 
26m. 1) vw HeE3HAUNTeEMbHOe YUACTHE MbIVIbIUbI JIMCTBEHHbIX APeBECHbIX (He Oovlee 
3%) W TPaBAHUCTbIX pacTeHul. 
| Il] komnuaekc O6HapyXeH B aKUarblIbCKHX OTNO*KeHUAX KyhOpnues- 
KO-CapaTogckoro Sapou%KbaA (O6HaxKeHuAa Ne 6 — a. CnupugzonosKa, Ne 7 — 
|. Kopueepxa, No 8 — x. Ilapcdbenopka; ckBaxkuHa Ne 38 — copxo3 Jlexa6puct). 
oTmoxKeHuax HyoxKuneh Kambl 2aHHbi CMOpPOBO-MbIIbUeCBOH KOMMJIeKC He 
cTpeyen. Oco6eHHOcTbIO I] komnuneKca ABA€TCA FOCNOACTEO NbIJIbUbI XBOHHBIX H 
{CCKOJIbKO Oosibuee, vem B I KOMMIeKce, YYaCTHE MbIJIbILbI JIMCTBCHHBIX, OCOOCHHO 
|PaBAHNCTEIX pacTeHHi Hw KycTapHuyKoB (fo 9%). 
| Bo3MoxKHO, YTO SHaYMTebHOe KOJIMYECTBO TaeKHOH MbIWIbIUbI ABIACTCA 
lpHHeceHHOH u3 Ooee ceBepHbIxX palionop. OfHakoO MpoOlleHTHOe cofepxaHne 
le onpeemvTb BeCbMa TpyQHO, TaK KaK 3aHeCeHHbI€e BOJHBIM IYTeM CIOPbI 
\JIAYHOB MW c(arHOBbIX MXOB OONaawoT XOPOWeH COXPaHHOCTbWO, a MblIblla eM 
looOue yacTo OpiBaeT JedopmupoBaHa u paszopBana (, %). 
| HanOonee xapaktTepHbIM JWIA akYarblibcKHX OOpa30BaHuli uccmeqyemow 
jeppuTopuu, aBasetca I komnseKc, KOTOpbIM Bbillie H HHKe NO paspesy, No 
(epe CMCHbI AKUAPbWJIbCKHX OTJOKeHNH Ha OOPas0BaHHA MHOTO BOspactTa, Te- 
)€T CBOM XAPaKTepHbie YepTHI HM MpHoOperaeT HHO Bu (', ”). B cBasu c 9THM, 
fa Hal B3riag, | cnOpOBO-MbWIbUeBOH KOMMJICKC ABJIAeETCA JOCTATOUHO Hajlerxk- 
IbIM KOPPeJIMPYIOULMM KPHTePHeM HM MOXeET ObITb HCHONb3OBaH Np COMOCTaB- 
CHM paspe3OB MMOWeHOBBIX oTOxKeHHH Hurkuel Kamut. 
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K FEOJIOFHH JPEBHHX FAJIEVHHKOB HEKOTOPDIX PAHOHOB| 
IOHKHOTO KHTAA 


(ITpedcmaeaeno akademuxom H. M. Cmpaxosom 9 VI 1959) 


Uerspeptuunpie oTox*xeHuaA TOxwKHOoro Kutasa *, ocoOeHHO ApeBHHe rasley 
KM, H3YY4eHbI elle OVeHb cla6o. HeckoubKko OovIbille aHHbIX HMeeTCA NO eos 
THM JPeBHHUX TraJledHHKOB OKpecTHocTeli r. XanHwKoy (npoBMHinA UKsU3HF 

B 1936 r. Xyan Li3u-unH u Cro Ta+10 (') u3yyau ApeBHHe TraJleuHHKH OKf} 
cTHocteli r. XaHwxkoy. Ilo MHeHMIO 9THX UCceMOBaTeeH, PaccMaTPHBaeMI 
PblxXble OOpasoBaHuA — peyHOrO MpOHCXO*KMeHHA WM MX MOXKHO conocTaBA! 
C JIECCOBMAHbIMM CYrIMHKaMM HWKHETO TeYeHHA P. ALHU3bI, BOSPaCT KOTOPE 
onpeemneTcd MMH Kak MO3QHHH MvIeHcTOLeH. | 

Bosee 10 mer Ha3aq KuTalcKuk reonor Jim Cpi-ryaH BbICKa3bIBasl B yCTHC 
cbopMe mpelnoox*KeHve O TOM, YTO ApeBHHe FaJieUHHKN HU PIMHbI OKPeCTHOCT 
r. XanwKoy, OOpa3yloline XOMbI B ycTbe ropHo Jouunp L3rocnmmM6au3a 
ABJIAeTCA KOHEYHOK MopeHoH. JIu Cpl-ryaH cuuTas, YTO KPyNHble BaJIyHb! HEC’ 
culefbl JIG MHUKOBbIX UWITPHXOB. 

JIpyroi ucceqopateib, UrxxoH Jbxn-10 (?), Tak Ke Kak u Xyan U3u-nHH4 
Cio Ts-10, OTpHWaeT JIEQHHKOBOe NPOMCXOKMeHHE ITHX PbIXJIbIX OOPa30BaHH | 
Tlo UnxsH J>ku-10, raneuHHKM He ABJIAIOTCA KOHeYHOM MOpeHOH, a Mpescra’ 
JIAIOT COOOH OTMOXKEHUA FOPHbIX MOTOKOB. 

Aptop JaHHol ctaTbu B 1957 uw 1958 rr. mpoBoqus reomoruyeckue uccme 
BaHHA B pakoue r. XaHwKOY M B Pa3sIMUHbIX palionax FOxuHoro Kutas: FOr 
Boctouxoro (npoBpununn UrxKsu3an, L3aucy u Axnpxoit), Llentpambyo-lOxkHo 
(npopuHunu L3sancu wu XyHaub) wu lOro-3anaguoro (npoBunuusa Tyaucn). 

Co6paHHbl HaMH JONOJIHUTeIbHbI MaTepHas MO reouOrMu ApeBHUX rae 
HHKOB Ja€T BO3MO2XKHOCTb PaccMOTPeThb Ooviee JeTabHO BOMpOc O HX COCcTaB 
CTPpyKType, TeKcType, pacipocTpaHeHHu Mw MpoucxoxKenun. ; 

Bee pepuve rasieuHHKM OKpecTHocTeli r. XaHwWKOY H YKa3aHHBIX npoByt 
uni lOxHoro Kutaat xapakTepu3ylorca O61MMH YepTamu OCcOGeHHOCTeH ¥ 
reOOM4eCKOLO CTPOeHHA, YCOBHH OOpas0BaHuA M PacmpocrpaHenusn. Cnenye 
OWHaAKO, OTMCTHTb, YTO YKa3aHHbI BLIBOA CMpaBeIMB TOJbKO B OTHOLUeHH 
M3YYCHHbIX HAMM Y4ACTKOB, Fle PasBUTbI 3TU PbIXbIe OOPasoBaHHaA. | 

J\pepuve raseuHHKH OOBIUHO JOKAaTCH Ha Pa3MbITYIO MOBEPXHOCTb Kopel 
HbIX MOPOA pasJIM4HOrO BOspacTa. OHM COCTOAT M3 rameK pasmepom oT | 7 
10 cM, HO OObINHO NOUTH BO BCexX paspe3sax Mpeobaqaer cpeMHAA rabKa, pa: 
MepoM OT 2 No 5 cM B NonepeyHuKe. SHaYHTebHO pexke BCTPeyaloTCA KPyNHb 
raJibKu, pasmepom oT 5 Jo 10 cm. B raneuHuke uspelkKa HaXOAATCA HeEOObIIE 
BaJlyHb! (pasmep ux 30—50 cm). Takum o6pasom, ApeBuue raeuHHKu XapakT 
pusylorca Oomee WIM MeHee BbIpaxKeHHOM COPTHPOBKO OONOMOUHOTO MaT 
pana. CremeHb OKaTaHHOCTH TasleK pa3iM4Ha: T1peoOmaqaioT momyoKaTaHHb 
M CrJia2KeHHbIe WIM 3aKPyTIeHHbIe Ha peOpax raJIbKH M 3HAYTEJIBHO Pere BCTP 
yaloTCA OKaTaHHble rabKu. Mexkyy raubKaMa HaXxOJMTCA Me/IKO3eMMCTBIA © 
TIMHMCTEIM WIM, pee, CynecuaHUcTbllt MaTepHas, OObIMHO OKpallleHHbili B Kpa 


* Uacth tepputopuu Kutaiicxot Hapoguolt Pecny6nukn, pacnomomkenHoit toxHee p. An 
3bI, OTHOcHTcH K TOxHOMy Kurato. 
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Oypbi WIM M3pefKa *KeTO-Oyppli WBeT; B MeJIKOSCMHCTOM MecuaHo-riHHHi- 
MaTepHale HHOFra ObIBatOT BKJIOUCHHA TpaBHA HM KPyMHbIX 3epeH TOpHbIX 
ott BbIpaxkeHa KOCaA MW JIMH3OBMHaA CJIOMCTOCTb WIM BCTPeUalOTCA JIMH3bI 
f OMONHOFO MaTepHaJla MOLWLHOCTbIO OT JeCATKOB CaHTUMeTPOB JO 3M Hu QU- 
\MoutHocTb ApeBHAX TaJleUHHKOB OObINHO H3MePAeTCH HeCKOJIbDKHMH MeT- 

uv (3—6 M), HO B WesIOM OHA KOMeOeTCA OT ECATKOB CaHTUMeTpoB Jo 15 M. 

anus. Han6osee cuIbHO Tipolleccb! BbIBEeTPHBaHHA 3aTParMBaloT BepXHIOIO 
Tb UX Paspesa, re BceAcTBHeE STOTO OOpasyloTCA NMATHUCTO-NOMOCUAaTHIe 
t 
irHa OKPYIiOH, OBaIbHOHs HeNpaBHJIbHO OBaJbHOM UM HeNpaBubHOH dop- 
I}CTBY!OT OU€PTAHHAM UM BeJIMYHHE raveK POPHbIX NOPOM, HAXOMAWIMXCA Ha pa3- 
Wx cTaquMAx Npollecca BLIBETPHBAHUA: OT HE BbIBETPEJIbIX HIM ca6o BbIBeTpe- 
Hores raJibKH HaHMeHee ycTOHYMBbIX NOpO — TaKUX, KaK MeCuaHHKH, auJle- 
DIMTEI U Sdcdy3uBHble H HHTPy3HBuble nopogsy. TambKu KBaplla wu KpeMHs 
Bo MHOrMX pa3spe3sax Hall APeEBHHMU TaNeuHHKaMH JIeKAaT KPaCHble PIMHbI 
MATHUCTO-NosocuaToH TexcTtypoH. TlocneqHaAA HuYeM He OTMYAeTCA OT NO- 
JIGUHUKaMH MW KPaCHbIMH TJIMHaMH C MATHHCTOH TeEKCTYPOH OObINHO YeTKO BbI- 
*KEHHDIM, POBHbIH WIM CAOOBOJIHUCTbIM, HO B HEKOTOPbIX MecTaX, HanpuMmep 
#3KO HEPOBHasl, C KapMaHaMM H yrs1yOJIEHHAMH B HECKOJIbKO JCCATKOB CaHTH- 
TpoB, HHOrfa Jo | m. MowiHocTb 3THX PHH CpaBHUTebHO HeOO/bWAaA: OT 
4 

Ha pes3ko pa3MbITOH, c yriyOMe€HHAMM HM KapMaHaMH NOBepXHOCTH ApeBHUX 
AJICUHMKOB HJIM KPaCHbIX TMH, CCIM NOcNesHMe NepeKpbiBaioT ApeBHue Ta- 
WHAAMM TpaBuA HW KPYyNHbIX 3€PeCH TOPHbIX MOPOA; MOULHOCTb CYrJIHMHKOB, Ya- 
tO B mpefenax Jake OAHOTO OOHAXKEHHA, PE3KO H3MCHACTCA OT HECKOJIbKHX 
paee 3—3,5 mM. Hay peBHuMu TraseuHHKaMU HHOFa OTCyTCTBYeT CON JeCco- 
MHOTO cyrHHKa, WH NOSTOMY ApeBHHe FaseuHHKH HeMocpeCTBeHHO OOHAa- 

Tyiinuya, B palone Jlanyw. 

Ha ocHOBaHWH H3YYeHHbIX Pa3pe30B PeBHHX TaJIeuHHKOB OKPpecTHocTer 
(Me BbIEOJbI: 

1. J[pepnue raneuyHHku mpescTaBssatworT coOoH OTMORKeHHA TOPHbIX HW Mpel- 
TBY!IOT Oosee WIM MeHee BbIPAKeHHbIC OKATAHHOCTh, COPTHPOBKAa, CJIONCTOCTb 
| OPMeHTHPOBKa HX OOMOMOUHOTO MaTepnHasia. 

Tla2%KeHHbIMH peOpaMu) HeyCTOHYMBbIX NO OTHOWEeHHIO K JeHyallun necuaHu- 
BIX WH M€CY@HO-FJIMHUCTHIX NOPO CyXKUT XOPOWHM AOKA3aTeJbCTBOM TOrO, 
W OT OONACTH pasMbIBa JO MectTa UX OTMOKeHHA. I]porsxKeHHOCTb MyTH TpaHc- 
OPTHPOBKU TasleK U3MePpAeTCA HECKOJbKUMH KUJIOMeTPaMH, a B OOJIbLUMHCTBE 
AaKIKe yKa3biEaeT H UX rpyOas copTupoBKa. Panee ye OTMEeYAaJIOCb, 4TO B pa3- 
e3ax mpeoOlalawT MevIKHe MH CpeWHHe FaJibKH. 

CbIO BJOJIb HanpaBJeHHA TeYeHHA NOTOKAa He€COMHEHHO yK@a3bIBaeT, Kak 93TO 
uutator C. B. Axopuena (#) u Apyrue uccnegonatenu (A. B. Xadaxos, A. A. Ky- 


WOM, a TaK%Ke raieK MW BaslyHOB. B HeKOTOPbIX culy4¥adX B APeBHeM raeuHuKe 
il 
pO pte) 80 M. 
1B qpepHux rameyHHKaX JOBO/bHO HHTCHCHBHO MpOXOAAT Mpollecchl BbIBeT- 
ertypbl. IlocneqHve npegcTaBistoT co6oH ceppie, Gembie HIM %KesTOBATHIe 
|| 4 TaKOrO 2%Ke WBeta nosocel. PopMa u pasMep TaKMX MATeH MOJIHOCTbIO CooT- 
WX Taek JO MATCH NecuaHO-riMHuCcTOrO BellecTBa. Jlyuule BCero BbIBeTPH- 
XpaHAloT cBexKHH OOK. 
POHOH TeKCTYPbIl, Pa3SBHTOH B CaMHX rameuHHKax. KoHTakT MexKy JpeBHHMH 
IMPOBHHUMH XyHaHb, B palionax ye3fa Llenwi9H, KOHTaKTOBaA NOBepXHOCTb 
PCKOJIbKUX J€CATKOB CaHTHMeTPOB lO 2—3 M. 
®UHHKH, OOBINHO JIeKAaT KeJTO-Oypbie JIECCOBMAHbIe CYIMHKH C PEAKHMH RKJIIO- 
CATKOB CAHTHMeTPOB JO 1,5—2 m. MoittHocTb seccOBMAHbIX CYIIMHKOB He 
{aloTCA Ha JHEEHOM NOB€PpXHOCTH, HanpuMep B npoBuHunH Tyaucn, B 30 kM oT 
XaHwkoy MU HEKOTOPHIX NpOoBHHUNH LOxwxHoro Kyutaa MOxKHO CeaTb ceqyto- 
DPHBIX NOTOKOB. O peyHOM MpOuCXO*KeHHN APeBHUX TaJICUHHKOB CBUJeTeIb- 
Cna6an OkKaTaHHOCTb Taek (npecOsaqawT NOJyOKaTaHHble MW YIsIOBaTbIe CO 
O OOJOMKM HCNbITAIN HENPOMOMWKUTEJIbHBIN, KOPOTKMH NyTb TpaHCNOpTHpoOB- 
myyaep ue Gonee 2—3 xm. Ha HenpofomKNTeIbHbIH MyTb MepeHoca raJiek 
IlpenmymlectBeHHad OpveHTupoBKa YJVIMHeHHbIX YrasleK cBOeH OovIbIOl 
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; 
xapenxo u B. A. Jlapresuy), 4a TO, YTO BOAHDIM MOTOK NepeHOCH/ MHOFHe TaJik} 4 
KM BO B3BeIUCHHOM COCTOAHHM HM OTJIOXKeHHe NOCMeMHUX MpOUcXxouO Mpu pep 
KOM YMCHbUICHHM CKOPOCTH TeYeHHA BOJI. A 

Ho Hasmune mHOli OPHeHTHPOBKH OOVIbIUOM OCH yAIMHeHHDIX rasieK, a HMeFIf, 
HO NOM yrIOM WIM NepneHAMKyAPHO K HalpaBseHHIO TeUeHHA, KaK OTMeYAIOly’ 
Ha3PaHHble BbILMe UCCMeLOBATEIM, ABJIAETCA CIEACTBUEM TOPO, YTO raJibKa nepey) 
KaTbIBalaCb HO HY MOTOKa B NOmOxKeHuM HanOosee YAOOHOM JIA MepeKaTbip” 
BaHHA, T. €. YePe3 KOPOTKYIO OCb. 

Ha KpynHbix rauibKax W OcOGeHHO BaJlyHaX MOXHO BCTpeTHTh wWTpuxu. II} 
mHeHuio Xyau I]3u-unnan CroTs-10('), a Take M ABTOPa JaHHOH cTaTbH,WTpUux 
Ha KPYIHbIX TraJbKaX HM BalyHaX H3 MpeBHHX TaJIeYHHKOB OKpecTHOcTe® 
r. XanwKOY OOpas0Pa/UCb 3a CUETNOABOMHOTO TPeHHA,B pe3syJIbTaTe UX BOOED 
HUA MW MepekaTbIEaHHA MO WHY pycJia mMoTOKa. 

2. JIpepHue raJieyHHKM MO COCTaBY ABJIAIOTCH MOJIMMMKTOBBIMH; BO BCele 
6e3 VMCKJIIOUCHHA UX paspesaX, H3YYCHHbIX HAMM, COBePIWeHHO OTCYTCTBYW¥ 
raJibKH KapOOHATHbIX NOpO, M Mperke BcerO H3BECTHAKOB KaMCHHOYTOJIbHOrO® 
HWKHEMePMCKOrO HW HM2KHeTPUaCOBOrO BOSpacTa, HeECMOTPA Ha LWMpoKoe pac 
MPOCTpaHeHHe KOPeHHBIX BbIXOJOB 9STUX MOpok B OOMacTAX pa3mpiBa. Ilo-BuyuiP 
MOMY, BOJHbIec MOTOKM Pa3MbIBaJIM TObKO HekapOOHaTHBle, MpevMylecTBeHHt) 
M€CUaHO-VIMHHCTHIE OCAOUHbIE H H3BeEPXeHHbIe NOPOAbl; H3BeECTHAKH He pa3e 
MBIBaJIMCb, a pacTBopaiucb. ocieqHHH BbIBOA NOATBepKMaercaA Tak*Ke WMpow 
KUM Ppa3BUTHeM MOBepXHOCTHOFO KH NOASeMHOrO Kapcra B OGacTax pacmpocrpaly 
H€HHA H3BECTHAKOB yKa3aHHOrO BO3pPacTa, OCOOeHHO B OKPeCcTHOCTAX Tr. Xanus 
“Koy (npoBuHuna UxKsu3iH) H B pakoHe r. Tyfinuna (mpopuHuua Tyaucnu) i) 
Ecau 6bl YacTb raseYHHKOB Oblla JIEHAKOBOTO NMpOuCXOxKAeHuA, T. e. npele 


py! 
(lu 


OeHHOCTb CocTaka raseK C/yXUT OUCHb BaxKHbIM JOKA3aTebCTBOM peyHOrO TIpoll 
HCXOXK CHUA PACCMOTPeHHbIX JPeBHHX Ta/IedYHHKOB. 

Heo6xofumo nosuepKHyTb TakxKe,YTO Ha reoslorMyeckoH KapTe NpOBUHILAI 
[yaucu macuita6a | : 250000, orHocamelica K rofam Ha rpaHnuue 2-ro un 3-re 
JlecaTHeTH Hallero BeKa, BO MHOFHX MecTax B Mpeslenax peuyHbix JommH (Hah 
mpuMep, B OKpecTHocTax r. l'yiimmHa) NOoKa3aHbI MOPeHbI, KOTOPbIe Ha CaMOM 
Jee, NO XapaKkTepHbIM IA STHX PbIXIbIX OOPasoRaHuH Mpu3sHakaM (oKaTaH} 
HOCTb, COPTHPOBKA, CJIOMCTOCTb, OPHEHTHPOBKa Y/WIMHEHHbIX TaseK HM OTCYT 


CTBH€ H3BECTHAKOBbIX TasleK), ABJIAIOTCA HECOMHEHHO ra/leYHHKaMM, OOpasoBaB | 
WMMMCA 3a C¥eT J€ATCJIbHOCTH FOPHbIX HM MPeATOPHbIX MOTOKOB. 

YUMTIEAA BbILeCKa3aHHOe, MbIl CUHTAeM, YTO IPH Gosee TULaTebHOM U3y} 
ueHHM TaK Ha3biBaeMbIX MopeH IOxkHoro Kutaa 3HauMTebHad YaCTb STHX pBIX| 
JbIX OOPasOPaHHH OyfeT OTHECeHa K PeYHBIM raeuHuKaM. 

3. TeomoposoruyeckuMH 1OKa3aTeJIbCTBaMH BOAHOrO MpoucxoxKTeHua pac| 
CMOTPCHHBIX PbIXJIbIX OOPa30raHHH ABJIAeTCA MX MPpHypoyeHHOcTh ucKOUM} 
T@JIbHO K PeCUHbIM JOJIMHAM, re OHM CylaraloT BTOPylo WJM TpeTbIO Halnolimer} 
Hble Teppacbl. OrcyTCTBHe JI@HAKOBBIX (bopM pesmbeda — ceLOB eAHUKOBOrC 
BbINAaXHBaHHA HW JI@MHHKOBbIX OTJIO%KeHHH — KaK B Mpefenax peuHbIX JONHH,| 
re BCTpeveHbl ApPeBHHe TaleuHHKM, TaK HW B HenocpeCTBeHHO mpHseraoulns! 
K HMM BOJOPa3AebHbIX YYACTKAX PABHMHHO!O, XOJMUCTOFO HM FOpHOrO pesbeda 
TaKKe MOXKET CYKUTb TeOMOpHosOrM4ecKkUM JOKa3aTebCTBOM PeuHOFO poe 
XOKMeHHA M[peBHUX TaeyHHKOB. Hanpumep, pation r. XanwxKoy, 3am .QHas 
YacTb MPOBHHIMH “DKSU3HH B OKPecTHOCTAX yesfa Uanxya, paiion r. Dytnune 
B mpopuniuu Tyancu (30 KM twxknee Tyimua) u B Apyrux paiionax !Oxuore 
Kuta. 

4. Bompoc 0 BosbacTe ApeBHHX TaseYHHKOB OKOHYATeMbHO elle He pellen. 
Bo Bcex 6¢3 Ucko4eHHA PaHoHax lOxkHoro Kuraa Apepune ranequnKku 3aue- 
TaioT Ha Pa3MbITOH NOBePXHOCTH KOPeHHbIX NOPOA pasiM4HOTO BO \pacta,npH- 
yeM HanOoslee MOJIONbIMH ABJIAIOTCA TPeTHYHIE KPAaCHOLBeTHbIe OTJIOMKEHHA, 
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AcTaBeHHbIe OpeKUMeBUAHbIMH KOHIVIOMepaTaMH, MecuaHHuKaMH MM aJleBpo- 
4am. Bospacr STHX KPaCHOUBeTOB ONPeenAeTCA MPHOMU3HTEIbHO Kak 30Lle- 
jbIH WIM OMTOWeHOBHIN. CreqoBaTembHO, HYKHUH BOspacTHOM mpesem ApeB- 
< Tasl€YHHKOB OFpaHHUHBaeTCA MOCMeSONeHOBbIM BpeMeHeM. 

} Eme Xyan IU3u-unH u Cio To-10 (?) cuntamn, uo Apepune raseuHuKH MO2XKHO 
OCTABJIATb C JIECCOBHAHEIM CYIIMHKOM HW KHEerO TeyeHHA P. AHU3bI (Tak Ha- 
24eMbIH CYTVJIMHOK B Camly), BoO3pacr KOTOpOrO, NO HX MHeHHIO, N03HeMeli- 
|IEHOBLIH. 

| HanOovlee BeposxATHBIM BO3pacT BepXHeli yacTu cyrmuHKoB Camry — Bepxuuit 
nO3sAHHH NelicroueH (Q;). MoxHO mpeqnouaratb, Yo crpaTurpaduyeckuMu 
AJIOTaMH BepXHeH YacTH CyrIMHKOB Cally HuxKHero Teyenna p. AHU3bI AB- 
JOTCA 2KeJITO-Oypble WIM KPaCHOBATHIe JIECCOBUAHbIe CyIMHKU, WIMpOKO pac- 
perparenusse B lOxxHom Kutae. Panee noquepKuBasiocb, 4TO 9TH. CYPIMHKU 
Pryla O*KaTcA Ha HEPOBHY10 PasMbITy!0 KapMaHoOOOpa3Hy!0 NORBeEPXHOCTb JpeB- 
WX TaJICUHHKOB WIM Ke KPacHbIX PIWH, CCIM NMOCMeAHMe NepeKpbIBalOT ApeBHUe 
euHHKH. 

Takum o6pa30mM, ApespHue rameuHuku TOxKHoro Kutaa oOpasopamuch He 
ByHee BepXHero MveHcTOWeHa, CKOpee BCerO OHH HMeEIOT HMKHe- HW cpeHe- 
He€HCTOWeHOBbIN BO3Pacr. 

5. OOpas0panHne ApeBHUX raseuHHKoB B TOxwKHOM Kutae B mvlelHcTOWeHOBoe 
leMaA OblwvIO OOYCMOBJICEHO HHTCHCMBHOM 2PO3HOHHON exATebHOCTbIO MOTOKOB UH 


IK B TOPHbIX H MpesropHbix patouax. Ilocnequue ucnbitrain NOAHATHeE B pe- 


jnerare IIPOABJICHHA MOJIOXKUTebHBIX KOMeOATebHbIX JBMXKeHHH 3eMHOK 
ipbl. CyleqopaTesbHO, MO OOWMPHbIM OONacTHM pacnpocTpaHeHUuA peBHUX 
ICYHUKOB B lOxHom Kutae MoxKHO CYAMTb O MpOABJIeHHAX 3J,eCb HEOTEKTO- 


MYeCCKUX JIBHXKCHHH. 


AkyTcKHH ; Tloctynuo 
rocyjapcTBeHHbI YyHHBepCuTeT " 9 VI 1959 


UMTUPOBAHHAS JIMTEPATYPA 
! XyaunIs3u-uu4, Co T 9-0, Kuralicxuli reon. 6ron0.,15, Ne 4 (1936). ? Uaxon x n-00, 


bopH. Uxsusauckoro yHuB., 2,B.2(1948). %C.B.A KoBameBa, Metoqnyeckoe pyKcBol- 
moO NO H3yYeHHW HM reOJIOrHYeCKOH CbheMKe YeTBEPTHYHbIX OTMOXKeHHH, ¥. 2, BCETEM, 1955. 
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Jloxxaynt Arkagemuu nayx CCCP 
1959. Tom 129, N 4 


A. ® E®HMOB u 3. T. KATAEBA 


NEPBAA HAXOJKA JIEAKOC®EHHTA B CCCP 
(ITpedcmaeaeno axademuxom JI. C. Kopocunckum 13 IV 1959) 


Boporutanocuukat Ba u Na, meltkocctbeHut,— MuHepadl OYeHb peKHHy 
Bnepppie elikoctbeuuT v3 UWlesOuHbIX nerMaTuToB TOxkHoL Tpennanquu (Hap 
capcyk) Opi onucaH T. ®nuHKom B 1897 r. (?). B 1954 r. Opina chenana eu 
OWHa HaxofKa 9TOrO MuHepasia B Amepuxe (uitaT TOra) (°). 

Bnepspie B CCCP selixoccbexurT Opi O6Hapy2KeH B 1957 r. B He3HaUHTeJIbHBIX 
KOJIMUECTBAaX B OAHOK U3 NeErMaTHTOBbIX Ku MHarsiMHCKOrO yJIbTPaOCHOBHOrO—}4 
wenounoro maccuBa (IO. Akxyrua) C. M. Kpapuenxo u E. B. Baacoson; uM 
BepBble B paHOHe Obl YCTAHOBJICH PA, PeCAKOMETAJIbHbIX MHHepaJIOB, B TOM) 
uncle 2Ba HOBbIX Ba—Ti-cnauKata. | 

Onnaxo fo 1958 r. neixocdenuT He Obl ONpeeeH UH Obl Nepean aBTopy | 
KaK Heu3BecTHbid Ba—Ti-cumukar. | 

JIlerom 1958 r. Hamu seKoceHuT Obl OOHAPy2KeH B 3HAUMTEJIbHbIX KOJIM- 
yeCTBaX B JByX 2KulaX MaccHBa, Moce 4ero GbIIO MpOBeZeHO ero JeTabHOe 
vccleqOBaHue. 

JleikoccbenuT HaO0flaeTca B KUMAaX PeAKO, XOTA MHOra B KPYMHbIX BbIJe- 
yieHuax (20 5 cm). B nyctrorax BbillelauMBaHua BCTpeyaioTca HeOovblHe’ 
(q0 0,7 cm B AnHHy) KpucTamb JelKoccdeHuta. Uae xe OH NpucyTcTByer B 
Bue MaCTHHYATHIX BbIAeeHHM C HEPOBHbIMM KPasAMH WIM 3anOJIHAeT MHTEPCTH- 
WHH MeKAy KpHcTalamMu nomeporo wWnata. 

PesyJIbTaTbl ONTHYECKOTO TOHMOMETPHYeCKOTO HCCeLOBaHuA sAKYTCKOTO: 
JeHKOCWeHHTa MpuBeweHbI B Tab. 1. 

Ta6muna 4 


TlonapuHbie KoopzuHaTH meliKOcheHuta 


SAkyTua Tpernanyua 
VWugexct H3MePpeHHble BbIYHC JICHHbIE nol, ®nuyuky 
rpanHeli | 
rr) re) ce) i) © ) 
c (001) — 3°22" — 3°22/ _ 3°22! 
5 (040) 0° 0°00" 0°00 
a (100) 90°30’ 90°00’ 90°00’ 90°00’ 90°00’ 90°00 
n (130) 30°00’ 90°00’ veo" 90°U0" 29°53! 90°00" 
m (110) 59°50’ 90°00 59°53’ 90°00? 59°52/ 90°10" 
s (112) Dose. 39°05’ 59°03’ 39°34’ — Sucdine 
x (011) 0°20’ 44°25 0°00’ 40°35/ 0°00’ 40°197 


Aus ero KPHCTaIJIOB XapakTepHbl Cilefyioulme copMpt: ¢ (001), b(010), m (110), 
n (130), s (112). Bopmer x (011) u a (100) Berpeyatorcs penko u pasBUTHI C1a60. 

Ilapamerppl 5ieMeHTapHod sueliku, BpuncnenHbie I. Urpyuuem, ao= 9,76; 
bo= 16,69; co= 7,10; ao: bo: co= 0,584: 1:0,425; 8 = 93°23’, noBonbHo 
XOPOUIO COrlacylOTCA C COOTHOWWEHHEM OCel, BLIUMCJICHHbIM JIA AKYTCKOFO Jleli- 
Kocienuta a : b :¢ = 0,5783 : 1 : 0,8499; B = 93°22’. B ornuune or rpensaua- 
CKUX KPHCTAaJJIOB, y AKyTCkoro seukKocenuta rpaHu dopmp (130) umeior 
NOAYHHCHHOe SHAYeHHe NO CpaBHeHHlO c rpaHbio (110) u yacTo coBcem orcyt- 
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yor, OlaroflapxA YeMy KPHCTaJIJIbI He MMCIOT XAPakTepHOL AIA rPpeHaHAcKoro 
Muxochenuta KNMHOBUAHOK copMbI, 3a KOTOPyt!0 OH NOy4Ns CBOe HasBaHue. 
Bhsp (112), oOnapyxenHaa Mb y OfHOrO rpennaHycKoro Kpuctasua, 
Piiaerch ompefeistouleH WIA KPHCTAaIOB AKYTCKOrO JeiiKOcweHUTAa U, Kak 
PABHIO, OYeHb CHIbHO pa3BuTa (puc. 1). 

WTpauu dopm (010), (110), (130), (100) noxpsirs: orueranBo wrpn- 
iBKOH MapanentbHo c. Tpanu (001) ucuirpuxoBane napasimenbHO a. 

| JleHikoctbeHuT OkpalleH B CBeTIO-rovlyOot Ber, 


L001) 


, UBeT H3MeHAeTCHA AO rpxA3Horo cepo-rosy6oro. 
|| Kak npaBnso, meikocdeHuT mpospaueH u 06- 
IMaeT CTeKAHHbIM OylecKoM. CnaiHocTb, coBep- 
HHHaA B ABYX HanpaBsenusx —napamenbHo (0.10) 
apaasembHO (001). Muxporsepocrb 806,4 kI’/mm 
fanuTuK H. H. PazsenKosa)*, 4uro cooTBeTcTByeT 
|| no wikase Mooca. Yaenbupil Bec 3,089 (onpe- 
jm€H MeTOJOM TruApocraTHyeckoro B3BeIUMBaHHA a0) 
wianmuTuK I. TI. Ilpoxoposa)). 
| Ha xpusoh HarpepaHua uMeeTcH 9HOTep- 
Hueckul sdcdekT mpu temnepatype 930°, Be- 
‘ATHO COOTBETCTBYIOWMH MmlaBsJIeHHIO MHHepaa. 
|| AkytTcKuh NeiKocheHuT — MuHEepad ONTHYeCKH ABYOCHbIH, NOMOKUTebHBIN 
/PAMBIM yracaHHeM 4 OTPUMaTeMbHbIM yAuHeHHeM. Ng= 1,6910; Nm= 1,6640, 
i, = 1,6485; N,— N,=0,0425; 2 V = 78°. Jlucnepcua ocel samMeTHad rf > Uv. 
} B ta6n. 2 npHBOAATCA CpaBHHTeJIb- 
| TaOmuua 2  Hble JaHHpie no dusnseckuM CBOHCTBaM 
Jeikocenuta Tpenmanguu u AkyTHu. 
Tle6aerpamma skyTcKoro sehKocde- 
HWTa UMeHTHUHa eOaerpamMe IpeH- 
: Axytus, Tpennanqus,  aHUCKoro wleHKocdenuta (Taos. 3). 
ee; MearanncKud B ra6. 4 mpupefeHb! pesybTaTpl 
XHMHYeCCKHX AHaJIH3OB JIeHKOCeHHTA. 
Kpome Toro, B AKyTCKOM JieHKoceHuTe 
CNe€KTPaJIbHbIM aHaJIH30M OOHapyKeHbI 
cna6pie sMHuu Pb. 


Puc. 1. Tunuunenlt Kpnetaim 
AKyTCKOrO Jlelkocdenuta 


|| @usnueckHe cBOfcTBa seliKocheHuta 


Hapcapcyk 


0,5783:1 : 0,8499 | 0,58413:1 : 0,8504 
93°22! 93°23" 


1 ae ora So) Kak Budo v3 ta6a. 4, skyTCKHit 
| Ng 1,6910 16923 JeHKOCWeHUT OTMMYAeTCA OT rpeHjaHy- 
Pp oe 1 ,6475 ckoro mpucyreTBHem 6,36% BzOs 3a 
es? pee ae cueT MeHblwero KoHYecTBa SiOz u oOT- 
icnepcua cytcTBun ZrOe. OfHako, NO aHHbIM 
iia Ce lee E. VW. Cemenosa, avasu3npoBaBlllero 


oOpa3el, rpeHulaHAckoro sehKocWeHHTAa, 
HEM PeCHTreHOCNeKTPaJbHBIM aHawH30M (aHanuTHK P. JI. BapuucKui) o6- 
PykenHo sHWb 0,2% ZrOz, cnekTpasbHbIM 2%Ke anamM30m (aHamuTuK: JIusy- 
B) O6HapyxxeH B (oueHb CHJIbHBIC JIMHUN). 

K coxkaJieHHi0, H€3Ha4MTeIbHOe KOJIMYECTBO OCTaBIlleroca MaTepHaia rpeH- 
\HJCKOTO JleHKOceuuTa, WOGe3HO MmpezocraBseHHoro Ham E. VW. Cemenosp, 
» NOSBOIMJIO TOUHO ONpeseHTb B HeM KOHYecTBO BeOs XHMH¥YCCKHM 
ITEM. 

Bpiwio mpovsBeqeHo cpaBHeHue cozepxanua BeOs B AKYTCKOM M rpeHJaHy- 
OM seHKoceHHuTaxX XHMHYCCKHM Me€TOJOM H3 MHKPOHABeCcOK, YTO Malo co- 
CTABHMbIC Pe3yJIbTAaTHl. 

Haxogka selikocdenuta c 3% BeOs B cnanuax utrara [Ora mo3BouMa 
_Muaprony (*) nepecmorpetb (bopmyy rpeHaHAcKoro JelKoOceHuTAa, BKJIIC- 
B B Hee BeOs u ueksounB ZrOe. 


* Bee ompeseseHua CBolicTe HM COCTaBa MPOW3BORHIMCh B COOTBETCTBYIONINX Ja6opaTopusax 
Hero MHCTHTYTA. 
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YculOoBUA CbEMKH JA oOOpasila 


NoNo 


T.1. 


OONMBMOAP Whe 


Anaiu3 skKyTcKoro sleikoctbeHuTa M MOJyYeHHEIe HAMA JONOMHHTebHbI | 
JlaHHpie 10 XHMMYeCKOMy cOcTaBy TrpeHJaHACKOrO seHKOceHuTa NOSBOJIAIO} 


MexxnsocKocTHble paccTOAHHA NeHKOCHeHHTA. : ii 
Ne 4 bs d Cu, Ni-kamepa, 2R = 57,3; 2r = 06 mM; aut | 
autux H. T. Hunesny (1958 r.); gaa o6pasua No2 — Fe-kamepa, 2R=57, 2r = 0,6; anil 
muTuk H. H. Caygacxas 


SAxyrua, Unarann- 
CKHH MaCCHB. 
O6paseu, Ne 4 


Ta6muna 3 | 


I aN 


~ oO 


Oo oro 


SODOEFENWNWSEMAWDDON LE DAD WUTH 


o 


AWS WOWOFROIDEONOK WOODMAN 


oO 


o oo 
— 
ior) 


WWNHWWRWONDNEFNRFPNON FE WWOODNMAIWWREE wh 


or ox 
a 
ron) 
ow 
Oo 


TpenvaHqua, 
Hapcapcyk. 
O6pasey, Ne 2 
ne ism 
40 4,20 
3 3,71 
3 3,58 
8 3,37 
3,19 
2 2,91 
9 2,89 
9 2,82 
if 5,74 
8 2,43 
10 2,29 
6 0,802 
6 1,734 
5) 4,690 
4 1,631 
5 6,594 


Ta6auma 4 


Pe3yabtTaTpl XHMHUeCCKHX AaHAJIH3OB 


raPMOTOMOM. Syecb JleKoceHuT OOpasyer MekHe IWiacTuHuaTHe BbILeNeHus| 
nolcmsB qauny. B xune Ne 5 nelixoctbenut sanonuser MHTeEPCTHIMH Mex*Ky| 
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eHKOCPeHUTAa 
SAxytua, Anarnuu- [penmangyua, 
Komno- CKHi MaccHB HapcapcyK 
nee? aTOMH aTOMH 
Bec. % | komuy. | Bec. %| xonne. 
SiO, 54,3 0,9036 56,94 0,943 
TiO, 13,92 0,1742 13,20 | 0,165 
ZrO; — — 3,50 | 0,025 
Nb,0,; 0,4 0,0006 ue ps 
Al,0, He o6n. — = = 
Fe,O, 0,28 0,0017 = = 
B,O; 6,36 0,1826 = — 
MgO 0,15 0,0037 _— — 
MnO Cua. _— — — 
CaO He o64. — _— — 
SrO 0,03 0,0003 a _— 
BaO 13,00 0,0847 13,75 0,090 
Na,O 10,70 0,3452 11,14 0,360 
K,0 0,79 0,0168 0,56 | 0,006 
H,0 He 06H. 0,34 
‘CymMa 99, 63% | 99, 40% 
AnanuTuk R. Mauzelius, 1897 r. (2) 
3. T. Karaezga, 
1959 Yr. 


Axytun, Mnarsauu- [pensanqua, 
NoNe CKHH MacCHB. Hapcapcyk. 
Pid, O6pasey, Ne 1 O6pasen, Ne 2 
1.0. : ~ 
I COIN I ad, 1 
34 2; 4,549 4 1,548 
32 2 1,526 4 1,545 0 
33 2 1,493 2 1,494 
34 4 4,476 . 
35 2 1,404 3 4,400) 
36 4 1,388 } 
37 4 1,305 A 
38 1 A q 
39 2 4,303 5 1,305 
40 SD) 1,284 § 4,286 |. 
al 4 4,212 1 4,273 
42 4,5 4,256 4 4,259) 
43 4 4,229 4 4,223 if) 
44 alti) 1,248 1 
45 { 4,204 4 4,208) 
46 4 1,171 
47 et) 1,134 
48 4 1,100 
49 4 1,083 
50 1,5 1,022 
54 4 0,973 
52 4 0,944 
53 4 0,936 
54 4 0,894 
55 1 0,889 
56 LD 0,880 
57 4 0,875 
58 a) 0,811 
59 2,5 0,779 


TOBOPHTb O MpaBHJIbHOCTH U3MeHeHH © 
Y. Musabtronom dopmyvibt rpenmaHy 
ckoro sleHKoctbeHuTa. OHakO HeOOxok 
MMO IIpOH3BOAcTBO HOBOrO NMOWHOr| 
XHMHYeCKOrO aHaJH3a rpeHTaHACKOr| 
JeHKOCWeHHTa WM cCONnocTaBeHHe efi) 
Pe3yJbTaTOB C Pe3yJIbTaTaMU aHaJIH30)} 
AKYTCKOrO WM AMepHkKaHcKoro JelKocHe! 
HHTOB JIA MOMYYeHHA HOBOH efHHO)} 
ero (OpMyJIbI. 

HaCTOAlee BPeEMA CyYLIecTBy'} 
TpH copmyuibl selKocdennta: 1. BaNag} 
(TiO)2 (Si2O;)5 (no T. @samuxy  (?))| 
I]. CaBaNasBTisSigO., (no U. Mutton) 
(*)). III. Ba(Na, Ca),Tis[BOsi SigOga| 
(no I’. Wrpyuuy (*)). Tlepecuer pesyuJib} 
TaTOB aHaJid3a AKYyTCKOrO JeHKOceHn | 
Ta IIPpHBOLMT K ciefyoureh copmyue | 
Na,BaTi2Be2(SiOs)10. Jlefixoctbeuut 06} 
Hapy2KeH B JByX SrHpHH-nosmeBouINaTo:| 
BbIX *Kyax (NeNe 3u 5) Muarnuucxorc! 
mMaccuBa. B xuse Ne 3 neiikocexn}| 


BCTpeyaeTcA B aJIbOUTU3H pOBaHHbIXx ety 


yuacTKaxX COBMECTHO Cc 9SrupHHOM, ap! 
BeJCOHHTOM, IBAMaJIMNTOM, TOMCOHUTOM Ff! 


MIHbIMH (0 15 cm) KpucTaswiaMu noseBoro winata. B stow »%xusIe COBMeCTHO 
HKOCPEHUTOM BCTpeualOTCA SrHpHH, apdBeAcoHUT, HeENTyHUT, samnpodus- 
', PaM3aHT, SBAMAJIMT, TOMCOHHT HM rapMOTOM. 

Tlo HaliuM JaHHbIM, JelikoceHuT OOpasoBbiBaJICA B CTaMuIO albOHTH3alMN. 
Tauro WeoMTH3alHu MeHKOCeHUT HHOra BbIleIauuBaicA uM NepeorTwa- 
icx, OOpa3syA KPyNHble BbIAeIeHHA. 


WuctutyT MuHepanoruu, reoxHMHi [locrynuuo 
|M KPHCTaJJIOXHMHA peAKHX 9/IeMeCHTOB ILIV 1959 
Akagzemuu HayK-CCCP 


UWMTHPOBAHHAA JIMTEPATYPA 


moO. Bb. 5b o.¢ o 1 1d; Medd. Grenland, 149, Ne 3 (1953). * G. Flink, Medd. Grgn- 
924,137 (1901). *®C. Milton, J.M.Axelrod, A.-M.Sherwood, Am. Mi- 
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Jloknagn AKkakeMuH HaykK CcCcCcP 
1959. Tom 129, Ne 4 


E. A. MOBEQMMCKASA x axagemuk H. B. BEJIOB 


KPHCTAJWJIMYECKAA CTPYKTYPA STMAUAMMUTA NaBeSi,0,(OH)# 
HOBbIM THM BECKOHEYHbIX KPEMHEKUMCJIOPOMHBIX WEMOYEK (JIEHT) 


nnn JuMutT—pexkul rapoTepMasbHbIti cusIMKaT, OOpasyloulMiica Ha 103 ,HH)} 
crawuax nermaTuToporo mpottecca. B CCCP stor pexkuli MuHepas Obi Hakyer 
E. HW. Cemenospim u JI. JI. Wuaunpm (7). BMecre c Toccuepom u Kpaycom (*} 
Hall MMHepasiorn NOAYepKUBalOT OH30CTb CBOHCTB SNMAMAMMUTAa, U OCOOeH;} 
HO MOHOKJIMHHOM ero (bOpMbI—3BAMAMMHTA, C NOMeBLIMH WinaTaMu, HO OJHOBpey 
M€HHO OTMeUaeTCA M 3HAUHTeIbHaA OM30CTb SNMAMAMMUTAa K ciOfaM (%), Tpoy 
ABJIAIOULAACA B COBeplueHHOK cnakHoctTu no (001), niacTHHyaTocTH Hw TICeBJO- 
reKkcaroHaJIbHOCTH. 1 

B 1934 r. T. Uro (4) npeqomxusn crpyKTypy 9NMyuAuMuTa, HanOosee xa‘ 
pakTepHOH YepTOH KOTOPOH ABJIAIOTCA KPCEMHEKHCJIOPOHbIe WENOUKH C PopMysOF| 
[Si,O].., THHYUMecA NapasesbHO KOpoTKOli ocn b = 7,34 A. Sto Opa TOK 
NONbITKa aHasiM3a, CelaHHad HakaHyHe oOTKppITHA IlarepcoHa: mpu cooTBeT-} 
CTBHH MOTHEA NapaMeTpaM AYeHKM WH CHMMETPHH OTCYTCTBOBa KakOli-1H60 WeH-s 
CTBEHHbIM PeHTTCHOBCKHH KOHTPOb. Ilostomy cTpykTypa cTpazana MHOTMMH| 
qedextamu: pacctonuua Si —OKone6anucb oT 1,11 go 2,80 A; nmenoceé 
pacctosnue Be — Si = 0,54 A u Be —O = 0,72 A. Tlomemennpie B WeHTpBEH 
CHMMeTpun atom Na oka3biEaJucb 3a%KaTbIMu (No O6mMM rpaHam Na-oxtasApa)| 
Mexiy ZByma Si-rerpasipamu. Ha HeoOxofumocTb cyllecTBeHHOH peBH3snH} 
CTPYKTYPbl cpa3y ObWiO yka3aHO B U3BeCTHOM cmpaBouHHKe Yalixosa (°).j 


3aHHeM MecTopoxenuni. Jina cbeMKH OTOHPaJINCb MOHOKPHCTAaJIbHbIe OJIOKH CI 
pasmepamu 0,3—0,5 MM; BCe OHH XapPaKTePH30BaJIMCb MaCTHHYATOCThIO AJM 
Ta6sHTYAaTOCTbIO. OcHOBHOH 9KCN€PHMeHTaJIbHbIMt MaTepHadl COCTaBJIAJIH BOA 
C€Mb Pa3BePTOK CJOEBHIX JIMHHM BpallleHHA BOKpyr ocw O u Ape (0-a u 1-a) pas-i 
BepTKH BpallleHuA BOKPyr a. XOPOWMX PasBePTOK BPallleHuA BOKPyr C NOWy-| 
UMTb He yflapaJiOcb: BCe COOTBETCTBYIOWMe PeHTTeHOrpaMMbl HMeJIM MATHA He- 
IIpaBHJIbHOH (OpPMbl, a MHOTHe ObiWIH JIMUIHAMH, YTO MOXKHO OODACHHTD 3a cueT 
oTMeuatollelca cOLonNoA06HOcTH. 

TlonyueHHpie HaMH MapameTpbl AueHKu: a = 12,66; b=7,34; c= 13,48 A 
OnuskH K wWudpam Mro (*). Ecan yQBouTb pasmep c, TO OHH xOpoUlo corma- 
CylOTCA C OC€BbIMM OTHOWeCHHAMM, NOJYYeHHBIMA TOHHOMeTpuueckH T. OnnuH- 
KOM elle B 1894 r. (°). M3 yaenbuoro Beca BbITeKaJO, UTO B AUeliKe 8 «MOJIEK yd». 

Jiuppakunownasd KapTuHa nOfTBepxJana defoposckyio rpynny Die= 
= Pnam, yka3anHyt0 Ais snuyMf~umuta Saxapuacenom B 1929 r. (”). Hanuune 
WeHTPa CHMMeTPHH OOOCHOBbIEACTCA KaK OTPHUATeIbHBIM Pe3yJIbTaTOM HCIbITa- 
HH Ha Mbesosd@ekT, Tak M CTaTHCTHKOM HHTeHCMBHOCcTeH (°) u, HaKOHELL, MO 
MeTOAY TPOeK, BbIfeIAIOWMXCA B MpOekWMAX NaTepcoHoBcKoh dyuKuun (°). 

Ormeuapwasica panee (*) nceBJOreKcaroHasbHOCTb SNHAMAUMUTA BLOM OCH C 
HaXOJUT CEOe BbIPAaKeHHE B OTHOMEHHH 2 : b, MOUTH TOUHO paBHoM Y 3, HB ca- 
OocTH Ha npoekumu xy OTpaxkennh c A+ k= 2n-+1,7. e. pemerka mcepzouent- 
PHPOFaHa B MJIOCKOCTH XY, Kak TO H JOJKHO ObITh IPH MceBOreKcaroHaJbHOCTH. 

Boupuioe (~ 2000) uucno saperucTpupoBaHHbIx pediekcoB, a TakxKe 6OnH- 
30CTb ATOMHbIX HOMePOB y BCe€X KOMMOHEHTOB, BXOJAMIMX B STHIHIMMNT, Ka- 
3aIMCb MpeANOCbWIKaMM K YCMeWIHOMy MPpHMeHeHHIO WIA PelieHua CTPyKTYPbE 
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/RMBIX PC3YJIbTATOB, TAK KaK CKa3aJIMCb MCeCBJOreKCarOHaJIbHOCTb HU CIONCTOe 
eNOJIO7KEHHE MOUTH BCeX aTOMOB. Mcnob30BaTb HepaBeHcTBa XapKepa — 
jucniepa Takxe OvlIO HeBO3- 
)KHO, TaK KaK B OM)pPHOH 
jymme uUMelocb Bcero 4YeTDIpe 
paxkeHHA Cc aOcOJNOTHbIMU 
(MHMUHbIMH aMILWIMTY amu 
10,5. Takum o6pa30M, B 
\bHeMINeM Mb WCxXO_MIN 
MKJIOUNTeEIbHO U3 NaTepco- 
PBCKOH (yHKWHu, ee mpoek- 
HH wu (XapKepoBcKux) ceye- 
ji. OcHOBHEIMH OptuIM: Hpo- 
KIMA p (U,w), nmocrpoeHHas 
»' 139 HesaBucumprm Fro7, u 
(v,w) 10 68 Fopz. Mutepmpe- 
MMA IPpOeKWHH OcyLecTBJIA- 
HCb MO MeTO,y cynepno3u- 
MM C TpuBeyeHuem ceyeHult 
(uO w)u P (u “ w), wa 
JICTPOCHHA KOTOPHIX Ob UC- 
OJIb30BaHbI 875 oOTpParxkeHul c 
i — 3-G COCBLIX. JHHUt Puce. 1. JiBa OCHOBHbIX MOTHBa B CTpyKType 9H AH- 
WHMUTa: a — wWenouka u3 Na-nommaqpos, 6 — cyBoen- 
palieHua BOKpyr ocu 0; KPO- yas wenouKa (nmenta) us Si-retpasapos, @¢ — couse- 
e€ Toro, Obl MOCTpOeHbI HeHue OOO“X MOTHBOB 
3BelIeHHbIe + lMaTePCOHOBCKHe 
poekuuu p, (u, w) no 303 pedexcam All u ps (u, w) m0 226 pecdrexcam A2l. 
«TAxKeJIbIe> ATOMbI, KOTOPbIe, KaK Jaslee OKa3aJIOCb, BO3HHKaJIH B MpOeKIHH 
2B pe3ysIbTaTe HaJlOKeHUA C OAHOM CTOPOHHI Nap aTomos Si, a c Apyroh — 
lap aTromoB O, oOerundiu yCTaHOBJIeHve H3 NaTePCOHOBCKHX MpOeKWHH KOOp- 
MHaT Bcex Si, a TakxKe OObIIMHCTBa O 4 NO3BOJIMJIM NOCTPOUTb MOJeJIb CTPyk- 
YPbIl, YTOUHEHHE KOTOPOH OCYLIECTBIAIOCh MOCMeAOBaTeJIbHbIM PacueTOM IIpoO- 
KUM QICKTPOHHOHM mornocTu. Yka3aHHble NepekpbiTHA OOMeruamU pacwiud- 
OBKY NpoekWuu BAOb Ocu O, HO B TO Ke BPeMA 3aTPYAHAJIM HaxXO*XKeHHe TOY- 
IX KOOPAMHAT, H NosTOMy KOadPuuMeHT pacxoJuMmocTu AA peciexcos AO, 
Ka3aica OonbuiuM, vem Jia Ol, a uMeHHO Ray, = 24%, a Roy = 22% 
Hye mpvBesenbl KOOpAMHaTb! OaSHCHbIX aTOMOB (B COTHIX JONAX Ocel). — 


I 
; 
il 
i 


ATOM x y Z 
Sie AIGA: 50,0 fond 
Swe 33,4 LO WA) 
Siem lS” 86,0 S32) 
Na 19,4 1057 49,2 
Be 2,5 21,0 1,7 
Ot 40,0 2280 5.10) 
Onli aE 48,3 20), 0 
Owl 38,4 13.0 20), 0) 
O IV end) lH 7,0 
OV AT 90,0 PAs 0) 
O VI 7,5 41,0 7,5 
O VII 27,8 40,0 15,0 
OV il 20,0 68,4 Oo 
O Ix PAS ail ee) 42,5 
OH 6,0 Done 08,0 


pome tpex O, HaxOJAIIMXCA B 3€PKaJIbHbIX MJIOCKOCTAX, BCe MpOune aTOMBI 
le uck1ouaa Na, 0 KOTOPOM CM. BbIllle) HaXOJATCA B OOUMX 8-KPaTHBIX MOJIO- 
e€HHAX, TaK 4TO OOIlee UNCIO NapaMeTpos cocTaBJsAeT 42. 
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Pas6poc paccrosHul Si — OB 9TOM pesKOM MHHEepause OCTaeTCA 3Ha4uUTedl 
wpm: 1,51—1,79 A; Na — O or 2,1 n0 2,7 A (cp. 2,14—2,62 Ax (°°). | 
Kak wu B OombiMucTBe cuuKaToB (17), OCHOBY CTPpyKTypbl SNMAMTMMHY 


COCTaBJIAIOT KOJIOHKH H3 KHMCJIOPOAHbIX MOMMIAPOB BOKPyr KPpyNHOTO eae 
B flaHHom cayyae Na. Spe} 


9TH NOMHSApbl — BOCbMHBE} 


KYOOB, CTOJIb XapaKTePHE| 
WA CTPpyKTypbl rpaHata 4 
rpoccysipa WiH @) 
Na — Li-ananora — KpHj 
muTnoHuta (7). Koon 
uz} Na-nomH3qpoB  BbIT} 
HYTHI?, BLOb  ABOMHE 
BHHTOBbIX OCeH, Napalmeny 
HpIx ocu >. Ha nepuog § 


( npuxogutca (puc. 1a) Ml 

Puc. 2. Kpemnekucnopogusie menouxn [SiOg]oo c pas- TakUuX nomMaapa, coBepillel 
JIM4HO OPHCHTHPOBaHHbIMH TeTpas—qpaMH M HeKOTOPEIC Apel ais = 
MpOAYKTbl HX KOHJCHCAUHH B JICHTbI. @ — npocTehwax HO aHaJIOTH y> | 
wenouka |SiOs], 6 — BommacToHHToBaa uenouKa MMeeT MECTO B Pe CHI 
[Sie4109], BUA BOM HOpMaJIM K MJJOCKOCTH UeCHTPOB yxaToB Cc KOJIOHKAMH vi 
Senna Gels a Leis EUR oy Se nah, Na — Ca-nomvompos,, KGa 
wr Mae Ee pie pacluud@pokaubl 3a ne 


cnetuHe rogp (23, 34), mp 
3TOM Nepno b ~ 7,3 A BecbMa 61M30K BO BCeX 3THX CTPYKTyPax. iE 

Vs TouHo Tak Ke, Kak B yKa3aHHbIX CMJIMKaTax, Ha TOT Ke nNepHog b=7,3)) 
MIpHXOAMTCA TpuH TeTpadsyzpa SiOQ,, COpa3syroulMx 3BeHO BOJIaCTOHMTOBOM Ik 
nouKu [Siz;09] = [Sig,,O,], B KOTOpoM Ba Terpasfspa| CMOTPAT 
B OJHy CTOpOHy, a TpeTHH B Apyryy. 

B snMquyquMutTe Ape Takue BOJIAaCTOHUTOBBIe WenouKH 
CHapMBaloTcsA B JICHTY NOMOGHO TOMY, Y4TO MMeeT MECTO B 
cTpykType xkcoHoTauta (**). HoB nocnetHem cnapuBaeTcA 
TOJIbKO KaxK[pi TpeTHH TeTpas{p 3BeHa, NOcKOIbKy (cnapH- 
BalolllaA) MIOCKOCTh CHMMeTDHH HOPMaJIbHa K IMJIOCKOCTH, B 
KOTOPOH Jle%KaT WeHTPbI BCeX TpeX TeTpa2qpoB 3BeHa, TOra 
KaK B STMAMAMMUTe CUBaMBalollad MVJIOCKOCTh | NapassebHa 
MJIOCKOCTH Cc WexTpamu Si-rerpadsqpoB, uv mo3sTOMy clapH- 
BaloTCH BCe TPH TeTpadapa OHOrO 3BeHa.| 

Ecam  dopmysia KcoHoTauTosolt enter’ 2[Si;0,] -O= 
= [Si,O,,], TouHee [Si,,.0,,], TO d@opmyno sn“yuzumnTo- 
BOM JICHTBI Oyler 


a 7) B 2 a 


li 


Pune. 3. Jleut 


2 [Sisz0,] —30 = [Si,0,,] = [Sig,2045]. [SigO20],, B 
CxeMaTH¥eCKH BOJVIACTOHHTOBad WenouKa mu wpa copra ment, © Ps YP OPT 


BO3MOXHBIX IPH ee CNapHBaHHH, MOKa3aHbI Ha puc. 2. B 
AKCOHOMETPHH SNHAMIMMuTOBad seHTa [Si,O,;| moKa3aHa 
Ha puc. 16, vTorfa Kak Ha puc. 1 6 u3s06paxkeH MexaHH3M clei 
meHua ment [SigOQjs]oo ¢ 3akpyyeHHpimu Na-ky6amu. Kak BuguM, BXO,samaa 
(NOIOBMHHy!O) Wenouky uoptorpynna [Si,O,] cileniserca c Muaronany 
KBal\paTHOK rpaHu Na-nowuaapa, Torga Kak (cp. (14)) rpermi (oqnHOUHBI 
Si-Terpasqp cllensercs co cropoHoi KBagpara. Bropas lenouKa (mo10BHHa Jel 
Tbl) yoKe ClelseTcA c (3aKPy4eHHbIMH) KyOaMu [pyro KONOHKH u3 STUX Ky6O! 
Ecam (opMyJly SBeHa STMLMAMMMTOBOM JeHTH COKPaTUTb Ha 3, TO MBI HOW 
uuM [Si.0;], A co CRBOeHHOH WenouKoli-neHTOL, 3BeHO KOTOPOH BbIpaxkaerc 
aTOH POpMyvIOM, Mbl 8HaKOMbI IO crpyKType cusuManuta Al,SiO, (42). Ho 
9TOH JICHTe, BO-MePBbIX, NOJIOBHHa TeTpads{poB cosepxKuT B cede He Si, Ho A 
HM, BO-BTOPbIX, I@CHTPbI TAXKECTH BCX TeTPad{pOB MeKaT B OMHOM MocKOCT! 
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\je. 3BeHO JeHCTBUTeIbHO MpeycraBseHo dopmyon [Si.O;], rounee [SiAIO,} 
Wepauuve Mexy JByMA THNaMH Wenouek HM TpeMA THNaMH JIeHT (CABOeCHHBIX 
youek) MOKa3aHO Ha cxemMaTH4ecKoM puc. 2. YcmowuHenne tenouKn (nenTpl) 
Wu mlepexoyle OT KOOHOK u3 Al-oKTa3qpoB B CHJIIMMAHMTe K KOJIOHKaM u3 
| (Na)-nomHM92poB B IeMeHTHBEIX CHJIMKaTaXx H B SMM AM AUMUTe JUKTYeTCH, perk- 
ipcero, HeOOxOJMMOCTbIO COrmacoBaHua Ha Nepnose 7,3 A aByx KpynHpIx nomM- 
pDOB HM Tpex TeTpasfpos. Jlerko Take BueTb, YTO B MpOCTeHWen CHIUMa- 
jroBoH yIeHTe yrom Si—O—Sji craHoputTci upesmepHo ocrTpbim. Coorser- 
ylollee HATAXKeHHeE ycTpaHAeTCA Mpu OTKa3e OT KpucTasorpaduyeckor 
JIeCTBEHHOCTH B WenouKe Bcex aTomos Si(Al), T. e. eculM BbIBeECTH OJHY TPeTb 
|| 13 OOWleH MIOCKOCTH, YTO XapakTepHO Awa 9mMQuAuMuta (puc. | 6). 
)| Kak yxKe yKa3bIBaJlocb, 9MHAMAMMUT OOHAPyKUBAeT ABHbIC YEPTHI CXOJCTBAa 
WMOJIEBLIMH LinaTaMu, HM 3TO OTUETIMBO NpOABJIAeTCH HB UX cTpyKTypax. Ha 
Hc. 3 BOCNPOM3BeeHLI XapaKTepHble JIA OPTOKa3a KPeMHeKMCJIOPOAHBIe 
pers, WM OHM JICHCTBUTEJIbHO BECbMa NOXO%KH Ha IIMAMAMMUTOBbIe, HO HX 3BEHO 
WieeT JIMWHHH 9TaxK: [Si,O.)]. B nomeBprx WinaTax, OHaKO, TaKHe JICHTbI MOX- 
| JIMIb «BbIPe3aTb» H3 EAHHOTO TPpeXMePHOTO KapKaca M3 TeTPadApoB, Tora 
HK B 9MQuAuMute meHTE! [SigQ\5]oo BHCKPeTHEI. 
Ilpu cpaBHeHuu yfBoeHHOoH «momeKysbm asnutunumuta Na.Be,SigOy- 
IH). c dopmyson went [SicO,,] CTaHOBUTCH OYeBHAHbIM, YTO BMeCTO OJHOTLO: 
|) aromos O B JleHTe OKa3biBaeTcA ruApoKcua OH, T. e. ucTHHHan dopmysa 
HHTpt [Si,O,,OH]. YxasaTb, kKakoi umMeHHO u3 15 aTomop OyfeT ruqpoKcu- 
M, HEBO3MO2KHO, HOO MM He MOET ObITb HH OJMH U3 3 (OMMHOUHDIX) O, exKa- 
Ix B IIJIOCKOCTAX CHMMETPHH, NOCKOJIbKYy 3TO aTOMbI O, coeqHHAIOUIMe MexKAy 
16010 mo ABa Si-reTpasspa, Bce Ke OcTabHbIe 12 O ato nOCcKOCTbIO CHMMeT- 
{M CBOAATCA B WeCTb Nap KpucTammorpaduyecku TOXKecTBeHHbIX. Takum 
/pasom, ofHna rpynna OH pas3memena craTucruyecku cpegu I—IV—VI 
yomop O (cp. craTucTuyecKoe pacnonoxenne OH B crpyxtype adpusmiura 
P))* mw onpefeneHHO rvApOKCHJIaMM ABJIAIOTCH JIMIUb Te BepwiMHbI Be-rerpa- 
,POB, KOTOPbie He CBA3aHbI Cc aTOMaMu Si. 
| Crpyktypa 20uquaumuta xopouio o6bacHAeT dusv4eckue CBOLCTBa MHHe- 
Wla. OTO nperxkJe Bcero JBe B3aMMHOMePNeHANKYJAPHbIe WIOCKOCTH CNaHHOCTH, 
HeHHo (100) u (001), koTopbie oco6eHHO COM2KAaIOT SMM AMAMMUT C OPTOKa30M, 
»M Ooslee, YTO NPHYHHbI OHH MW Te Ke: STO TAHYLUMECA BAONb Ocn b KpeMHe- 
cmopofupie JenThl. B HanpaBseHuu ocu [001] mpl uMeem yepeqoBaHue JByx- 
aXKHbIX CIOeB M3 Si-TeTPad ApoB, NPHYeM CJION Pa3sfeeHbl KPYNHbIMH aTOMaMH 
a, PaCNOJIO%KeHHbIMM NO CTporo reKcarOHaJIbHOH ceTKe, YTO NOpo*KaeT cxo]- 
‘BO STMAMAMMUTA CO CIOLaMu, CTpeMseHHe K OOpa3z0BaHHto (reKcaroHaJIbHbIXx) 
DOHHMKOB HT. QJ. 
B cormacuu c WenoueyHbIM pawukKasIOM ONTHYeCKHH XapakTep 92mHAu_MMuTa 
)IOMKUTEJIbHbIA. 


Kadeapa kpuctaqsorpapuu 4 KpucTaqmoxumMun Toctynuao 
Mockosekoro rocyfapcTBeHHOrO YHHBepcuTerTa 14 VIII 1959 
um. M. B. Jlomonocosa 
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* TIpencrasuTb dopmyyy amuququmuta B Buse NaeBeof[SigQis] - H2O nesBomoxxHo 
3a BeCbMa BbICOKOM TemnepaTyppl (~800°) BbiqeeHHA 9TOK BoE (1). 
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Jloxuaym AkayemMun Hayk CGGP 
1959. Tom 129, Ne 4 


METPOI PAG 


JI. A. BAPJAHAHIL u A. A. LYBHHCKMAM 


KPHCTAJIJIMYECKHE MOPObl ASOBCKOMH AHTEKJIN3bI 
(I1pedcmasaeno akademuxom J. B. Haauexunoim 19 III 1959) 


B nocjeBoeHHble Tosb B npefemax A30BCKOH aHTeKJIM3bI* OblI mpo6yp| | 
DA CKBaxKUH, BCKPbIBLIMX MOpOAbl KpUucTaIMYecKOrO PyHaMeHTa, 3asera’h 
UlMe NO], OTIOXKeCHHAMK BeEPXHero u HWKHEero Mesa. (Ilo sTOrO ApeBHetiiue Poy 
Malluu OblWwIM BCKPBITbl B u3BecTHOH TaraHporcKOH cCKBa>KMHe MH U3y4ers 
A. Tl. Kapnuuckun (%).) B paccmaTpuBaemMoM paloue KpucTasmMueckui PyHy 
MeHT BCKPbIT cCJIeLyIOULMMH CKBaxkuHamMu: Tarauporckoi, PoctoscKxo 3U10-} 
MapraputoscKoi, Kaaubcxot 30-3 u Kyujesckumu — 1, 3, 4 u 11. Mocnes 
Hue YeTbIPe CKBAXKUHI MpokAenpt B 1957—1958 rr. J 


V3 Kyutesckol ckBaxKMHbI UMeeTCHA Ba OOpasua: Ne 313 c rnyOunpr 889—891 7 
u Ne 314 c ray6unnr 897—899 m. Ilopofa o6pa3uoB OfHa u Ta Ke, B BePXHE 
o6pa3ile uacTH4uHO BbIBeTpevian. Ilo BHelIHeMy OOJIHKY STO HeCKOJIbKO OrHelf 
COBaHHbIHi KPyNHO3epHUCTHIN rpaHuT c po3so0BaTo-cepoH oKpackol.{[loq mMuKp# 
CKONOM CTpyKTypa KaTakslacTMyecKkan, Mpu6suxKalollascA K OUKOBOH. CocTa 
30HAJIbHBIM Naruokla3 (61M30K K OJIMTOKIa3y),KBapl,OMOTHT; aKIeccOpHBle-| 
amaTuT, WAPKOH, JIeHKOKCeH; BTOPHUHbIe — JMMMOT, CepHUUT, XJOPUT, My 
Kosnt. Ilnarnoka3 B pale 3epeH C NPH3MaTHYeCKHMH OVEPTAHHAMM HM C ACHBIN| 
TPHaQHbIMH JBOHHUKAaMM, YTO YKa3bIBaeT Ha MarMaTMYeCKOe MPOUcXoxKeHT} 
NOpOAbl, KOTOPad Onpeseiserch Kak KBaplleBbii MuopuT (nmaruorpaHut) aj} 
xelickoro Bo3spacta. AHaJIOorM TaKUX NOpoy umewoTca B *byHaMeHte WenTpamy 
HbIX OOvlacTeli maTcbopMBI. i 

O6pasiios us MaprapyTosckol CKBaxKHHbI, mpoOypeHHou B 1953 r., B pal 
NOPAXXCHHH ABTOPOB He uMeeTcA. Ilo uMelollMMcaA KPpaTKMM ONMCaHuAM, 91) 
CKBaKHHAa BCKPblia Ha rtyOuHe 1158 mM po3oBaTo-cepbie cpeqHesepHUCTHIe CHIN 
HO KaTaKJla3MpOBaHHble rpaHuTbl. Hato novaratb, YO STH FpaHUTH! TORT! 
CTBCHHbI ONMCAHHOH BbIIe NMOpose u3 CKBaxKuHnBI KyuiescKas-3, T. €. ABJIAIOTC 
TaKKe HMHTPY3HBHbIM KBaPpUeBbIM JHOPHTOM (MJarMorpaHuToM). 1 

Tpauuto-rueukcni (?). Mpenzcrasurenem stoi rpynn moryr Opnt 
TOJIbKO KPUCTasmIMYecKHe Nopobt Pocroscko cKBaxXHHbI, MpoO6ypeHHon 4 
1950 r. B stom cayyae B pacnopaAxXeHHH ABTOPOB MMeJINCb MAT WIMoB Ff 
oOpasioB c riyOuHb! 524,2—530,0 mM. Xora wludpl HeqocTaTOUHO BbICOKO 
KauecTBa, BC€ Ke MOXHO OMpeleMTh MOpoky Kak JleHKOKpaTOBbI rpaHUrc 
rHeHC;, B Mpe?%KHHX ONMCAHHAX OHA ONpefleANach KaK cepbili rpaHuTo-rHelic.| 

Amu6oaunt. Ora nopoxa mpescrapmeHa TObKO OLHUM oOpa3llo) 
Neo 315 “3 ckBaxkuHbl Kynjesckas-11, p3aTbim c rayOunpt 560—566 . Io Buen! 
HeMy BUJly 9TO TeMHad, 3e/leHOBaTO-cepand cpeHe-KpynHOsepHucTad nopozt 
¢ o6uKOM amiu6osuta.Iloq mMuKpocKonoM cTpykKTypa nopompl rpaHo6macr 
Bast, C pasMepoM 3epeH oT 0,2 To 1,5 mm. InapHbie KOMNOHeHTHI: muiaruoKuel 
(cpeqHui aHJesnH), KBapl MW B MCHbIIeM KOJMYCCTBE CHHEBaTO-seleHand POroBal 
OOMaHKa HM OHOTHT, CHJIbHO 3aTCMHEHHLIM BLIJeeHHAMU PyHOL MW; ake 
COpHble — IMPKOH, anaTHT, MarHeTUT (43 HUX NOcMeqHHe Ba riaBHbIM o6pé 


* JOro-BocTounas, Cy2KeHHaa, YacTh YkpawHCKOrO MaccuBa, pacnouoxwKeHHad BocTOURE 
p. Kabmuyc, norpy2xkenHasd MO YeXOA MeNOBbIX H KaliHOsOlicKUx oTMOKeHUI (1,2), i 
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|| B accollMallHH cC poroBoli OOMaHKOM); BTOpH4AEIe — sMJoT, CepHUHT, BTO- 
Hb OnoTHT NO poroBolt OOmaHKe. Tlopofa mepeceyena ceTbIO TOHKUX (JO 
|| MM) M BOJIOCHBIX NPOXMIKOB KalbuuTa. Yuurspaa accoluatuio porosoili 
iaHKH C MarHeTHTOM M allaTHTOM, OObIUHYyIO B ra6Gpo u ra66po-HopuTax Jo- 
OpuA, MOXHO ONpeseuTb WaHHylO nopoxy Kak optoamdu6onur. Bospacr 
omHoro radOpo (uM radOpo-quoputa), BepOATHO, apxelickul. 
Mukporuelic. Sroro tuna nopoda BeKpbira ckBaxkuHol Kyues- 
aa-1. Mmeerca oun o6pa3eu (Ne 316) c rayOunt 686,0—686,6 m. Ilo BHeur- 
ity Buy STO TEMHO-cepad, YYTb PO3OBaTAaA Me/IKOSePHUCTaA MOposa c OOH- 
A MeTaMOp@H3OBaHHOrO MecuaHHKa, MpeBpallleHHOrO B MeMKOKPUCTaJIMY4e- 
14 rHelic. [lod MukpockonoM crpyktTypa mMOposbl rpaHoOmacToBas, MeKO3ep- 
tax (0,3—0,5 mm). OryebHble macTHHKH CJ1HOK (Yallle y MycKoBuTa) JocTH- 
pr 1—1,3 mm. B cocraB nopobl BXOAAT MarMoKs1a3, KBaplU, OMOTHT, MyCKO- 
r, xmopuT. M3 Hux miarnoKa3 CBexKHH HW MOUTH 6e3 ABOMHHKOB; OTMHYaeTCA 
iKBaplla TOJIbKO B KOHOCKONe; Cy MO CBETOMPeOMJeHHIO, OH MpefcraBseH 
HPOKa30M JO KucOrO aHye3sHHa. BuorTuT c pe3KUMM MVICOXPOMYHBIMA Opeo- 
Mu. Myckoput co culeqaMu ero pas beavis MW 3aMellleHHA KBapleM uM Maruo- 
la3gom. AKUeccopHbie: UWMPKOH, anaTuT, cdex, nuput, rpadur (?). Ilo erpyK- 
pe H cocTaBy 9Ta Nopofla 61u3Ka K TaK Ha3bIBAeMbIM MMKPOrHelicaM, MMel0- 
IMCA B HW2KHeEH CBHTe KOMMIeKca MeTamMopduyeckux Nopod Kypcko Maruut- 
H anomauu. [lostomy Bo3pact ee MOXKHO CUMTATb, MO aHaJOrMH, HUKHeMpo- 
»030HcKuM. Ilo reHe3sucy 9TO MeTaMOP*PH30BaHHbI APKO3OBHI MecuaHHK. 

PoroBOOOMAHKOBO-3INHAOTOBHE rHelcH. Bckpbsirol 
TraHporckoH u KasubcKow cKkBaxkuHamu. B Tanranporckoii cKBaxKHHe, 10 
ucaHuio A. II. Kapnmucxoro (*), 6pi0 B3aATo 7 OOpasloB c rayOWHbl OT 
4,7 fo 605 m. Ilopogbi no BHelHemy Buy MaccHBHble. B cocTtaB UX BXOJAT 
apll, MAKPOKJIMH, KHCJIbIM MiarMokKas, aMPvOou, SMMOT, MYCKOBUT, KaJIb- 
T, 2KeJI€3HbIN WilnaT H BTOpOcTeneHHbIe — cceH uw u3pelKa xsopuT. Mmewrca 
HualiMe MpOxXKUIKH KapOoHaTa, compoBoxKalouleroca 9MMAOTOM HU peKO 
apiiem. Ha6sromaerca yepeqopaHue co0eB c amduOoI0M u 3MOTOM u 6e3 
ix. CrpoeHue KpucTasuIMueckoe 3epHUuCTOe; CTPpyKTypa MecTaMu NMceBAOo60- 
yHOrTO xapaxTepa. Ilo onpegenenuio A. II. Kapmuuckoro, 9T0 maparHelic, 
OMEXKYTOUHIN Mey STMAOTOBLIM THEHCOM HJIM PpaHHTO-rHelicoM Hu amipn6o- 
TOM. 

M3 KasmbcKkol CkBaxKHHbI ABTOPHI pacnomaramu 12 winudamu u3 OOpasilos, 
ATbIX C PyYOMHHI OT 624,1 no 660 mM. B untepBaue or 624,1 Jo 658 mM cKBaxkuHa 
Ola MO KOPe BbIBETPHBaHUA, HM TOJIbKO Ha rtyOuHe 658 u 660 mM ObIIM B3ATHI 
exue oOpasiin. Uiudpt 13 HUX NOKa3bIBaIOT TY 2%Ke KapTuHy, 4TO u B TaraH- 
rcKOH CKBaxKUHe — Takoe Ke yepefoBaHue rHelicop, OOorallleHHbIX amu6o- 
M H SMMOTOM, C THeHCaMH, MOUTH JIMWWeCHHbIMH STHX MMHePavioB. 

Ormeuaercd TOMbKO OHO OTIMUMe, a HMCHHO B rHelicax KasuibcKOH CKBa- 
AHbI MOUTH HeT KBaplla, a MarMoksa3 — 6e3 JBOHHMKOB HM He OTJIMYHMbIM OT 
apila Oe3 KOHOCKONIA. 

OTH THelicbl MOXKHO CUMTaTb aHasOraMuH THeHCOB HHxKHeErO MpoTepo3oa, 
ICTHIAIOULMX HMXKHIOIO cBuTyY KpwBopoxcKon cepun. 

MPuNNHTOBHe H HSBECTKOBUCTHEe CAHAHMH. OM CaH- 
1 ObWIHM BCKPbITbI TOJbKO B CKBaxKuHe Kyulepckas-4, Mpuuem Ha rlyOuHe OT 
22,3 mo 1034,0 m. Ilo BHemwHeMy Buy 9TO TOHKONONOCYAaTHIe CaHWeBaTble 
YPOMbI C LWEKOBHCTHIM 6IeCKOM Ha MoBepxHocTH caaHieBatocTn. Ilo renesucy 
O IIMHHCTbIC HW PIMHHCTO-H3BeCTKOBHCTHIe CaHUbl, NOABepruiueca PuJIATH- 
mun. Ilo MukKpocKonOM cTpykKTypa JlemMyo- u senugorpaHoOsacToBad Cc 
specaMBaHHeM TOHKHX APPHJIJIMTO-asIeBPOMMTOBLIX CIOeCB C KapOOHATHBIMH. 

pesy.bTaTe MeTaMOPPUu3Ma aprHJIMUTOBbIe COM MpeBpaTHMCb B KBapIleBo- 
laPHOKs1a30-CePHUMTOBbIe CaHIbl C OOJIbUIMM KOJIMYCCTBOM MeJIKHX MpH3Ma- 
(eCKHX KPHCTaJIOB ayTHreHHOro 3eleHOBaTOrO TypMasMHa. B HeKOTOPbIX 
IOAX TAKUX CJAHIeB COJep2%KHTCH 3aMeTHOe KOMMYeCTBO MeJIKOOOOMOUHOTO 
o 0,3 mM) marHetuta. Bo Bcex OTHOUIeHHAX 9TH CAH! TO%KMecTBeHHbI (Pus- 
{TOBbIM C/laHlaM M3 BepxHux cBuT KypcKol u Kpusopoxckou cepui, uw m0- 
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9TOMY MX BOSPaCT C MOJIHbIM OCHOBAHHEM MOXKCT ObITh OMpeyesieH Kak HH2KEH}} 
mpoTeposolicknii*. V4 

Takum o6pa30M, B OMMCbIBAeMOM PaHOHe MMECTCA CAEAYIOUICE COOTHOIICH}}}i! 
nopox, dyHwamenta. Ha oproruelicet, TpaHuto-rHelichl wu ampHOoNT apXiii) 
(ckBaxunp! MapraputopcKas, PocToscKaa uM Kymesckue 3 u 11) Hamneraty 
MukporHelic u amduOono-annfoTopblit rHelic (CKBa?KHHBI Kymescxasi-l, Tara) 
porckan uv KasnbcKas), COOTBeTCTBYyIOlMe MOpowaM HHKHEH CBUTPI HWKHE |) 
npoteposoa o6nactu Kpuzoro Pora wim nOposaM, MPOMexkyTOUHOTO BOspae i 
Mexy apxeem uw yKasanHolt cpuToli. Ha Te u Apyrue oOpasopaHua Haner any 
NOPO/b, aHAOTHYHbIe BepXHeH CBUTE HW2KHETO NPOTEpoOsoA Kypcexol nu Kp} 
BOPOXCKOH cepHli (CKBa%KHHA Kyuesckasi-4), mpwuem cpeqHast (keslesop y Ana ff 
CBHTa STHX CepHl 3ecb yxKe OTCY 
————-, cTByeT, OyAyyH NOMHOCTbIO YHHUT 
: 2KeHa 9poO3uel. 

Kpuctammuueckne mopojtst Asoit 
CKOH AaHTeKIM3bl ABJIAIOTCH Hermie 
CpeACTBCHHbIM NpOMOJKeHHeM KP)}f 
CTaJIJIMYeCKOFO MaCCHBa MpHa3OBCKCH) 
yactu YKpauuckoro wuTa. B 3sToe 
paliohe OHM cocTaBsIOT HaHOouK) 
mpHnosuaTyo wactb A3O0BCKOM al) 
Tekmu3bl (puc. 1), oKkalimneHHy? 
ocaJlouUHbIMH OOpa30BaHHAMN JeBORS 
a M KapOona. 
a RON 0, “SOvM | Dra uacTb aHTeKJIM3bI, NpHypcy 
SF CaN OY aa 1 uyennaa K paitiony Pocrosa, pacnc} 
a t]1 QNo Ga Feal4 []5 Le Jo aaraerca na ormerxax_oxono 500 § 
Puc. 1. Cxema pacnpoctpanenusa Jom i HID GEE eat ee | 
doprecadnad one Pp A AHOMESOSOHCKUX CHYIKEHHE NOBEPXHOCTH PaCCMaTPYE 

pewesax 3OBCKOH aHTeKJIH3bI. e \y. 

1— apxeii; 2— nporeposo#; $— meson; 4— PACMBIX (opMalnH OTMEeUeHO ceBeft 

KapOon; 5— uscruncbl mopepxHoctu gomeso- HEE Poctoga B HanpaByieHun K Hose! 

30HcKHX cCOpasopannit Asopckoli anTeKnusbl; UepKaccKy (kK JlonOaccy), qTO pital 

6 — eri te tee BCKPBIBLUUHe NOpobl KPHCTadJi - Ka3aHo celcmonpoduiem, mpoBejerh 

CesGho A Dye NaMentia HbIM B 1955 Pr. KOPpesALMOHHBIM Mel 

TOOM TIpesOMIeHHBIX BOuH. Bel 

Jee MlaBHOe CHY2KeHNe STOH MOBEPXHOCTH M3BECTHO JIA 1OX%KHOFO CKJOH) 

(k IIpenkapKasb¥o), 4TO ocTaTOUHO xXOpollo quKcupyercs CKBa2%KUHAaMH| 

HavOoubmad wupnua nomochl KpucTadmMueckux Fopod AsoxncKoli aHTeKJIH| 

oN ele g Ha ee 3apa]HylO 4acTb: Ha MepHf~MaHe PoctToBa ona para 

M. 

ai baat UA Cr Kyulesckas —r. Hogouepkacck npoucxoguT cyxe| 

; PUCTAJIMYECKHE NOPOLL CKPbIBAalOTCA 3ecb NO Kap6ouo}| 

M J€BOHOM (?), NpH¥eM Ha ee 1OX%KHOM KPbile KPHCTaMIMYeCKUe NOPOAbI BRICTY 

MaioT BOCTOUHEe, YEM HA CeBEPHOM, He JocTurad pu 3TOM r. CambeKa u am 
ct. [lecuanoxoncxolt. 

Anas (baliui, Mounocteii, rpanuunpix cKopocteli u crereHu MeTamopdu3s 
Ma KaMCHHOYIOJIbHbIX OTJIOKEHHH, OKAWMJAIOUMX KPMCTamMYecKHe NOpOE 
cBoJoBoH yacTH A3OBCKOM aHTeKJH3bI, NOSBOJIAeET NOATBCPAUTb BbICKaSAHHYK 
PaHee MBICIb, YTO B KapOOHe (BO3MOXKHO, H B BEPXHEM JCBOHC) HA3BAHHaA TEKTO 
HUYeCKaA CTPYKTypa MpefcTaBala CpeqMHHY!IO OGMAaCTb OTHOCHTeMbHOrO NOs 
HATHA, pasqennBwero Joneukyto u IlpenkapKascKyto BeTBH eMMHOTO KpaeBort 
npornOa, C AOBObHO MOLIHbIM OcaZOUHbIM YexIOM. B pesymbTaTe JWIMTebHO! 
(BepXHAA NepMb — CaHTOH) MeHyJalimu ckKaquatoro KapOoHa u JeBOHA B MIpe 
Menax Vapyoro anrukmuHopun Bonpuegon6accko-lIpenkaBKascKoii cKsad 


‘7 2 
bea o6nacTu (?) O6HaxUNOCh KpucTamMueckoe ocHOBaHHe AsoBcKoli ante 
W3bl. 


L 
f 


* 
Takue %ke NOpOAb BCKPBITE! HefaBHO UM B CKBaxKNHe KymercKas-24, 
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Ag paCCMOTPeHUA PHCYHKA MOXKHO CheaTbh MpPeMBapUTebHbI BLIBOL, 4TO 
WO UCTaJIJIMYECKOM (byHAameuTe HaMeuaeTCH OJIOCOBOE PacnouJOmKeHne Ipo- 
DSOHCKUX 3M JOT-pOrOBOOOMaHKOBbIX TPHeEHCOB C ceBepo-3aliaHbIM ITIpOcTH- 
HeM. 
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POJIb MEXAHHYECKOPO MEPEPACIPEAEJIEHNUA 4GACTHU 
B OCAAKAX MPH AWATEHESE B OBPASOBAHHU CJIOMCTOCTH 


(IT pedcmaeaeno akademuxom H. M. Cmpaxoeoim 20 VII 1959) 


IIlpu HaOm0eHuu OCaOUHBIX NMOpO, He3aBHCHMO OT BeJIMUHHbI CIOeB H 
BeEILECTECHHOFO COCTaBa OOBINHO MPHHATO CUNTATb, YTO B KaXKJOM Cyloe 3ariet 
JI€H C€MMeHTalMOHHBI mpowecc. IIpeqnomaraetca, 4YTO COMCTad TeKCT 
BO BCe€X CJIy¥anX OCTaeTCA HEH3MeEHHOH C TOTO BPeMeHH, Kak OCaOK cmpoeK 
poBasicH Ha HO BOJOeMa U Obl NepeKpbIT HOBbIM cy0em. IIpu stom mpeAMo 
raeTcd, UTO TeKCTypa OCaAKOB He H3MeHAeTCA B MepHOA WHareneTHyecKOH ¢ 
MM pasBHTHA, HCKIOUaA OOpasoBaHHue KOHKpellMH, Ha TO ObwvIO yKa3 
H. M. Crpaxopnm (?). | 

CoxpaHalolineca B NOpofe MHOTOUNCJICHHBIe MePpBHYHbIe TEKCTYPHble C 
OeHHOCTH — KOCaA CJIOMCTOCTb, 3HaKH pAOM HM MHOrHe ApyrMe—yOexawrT 
B TOM, 4TO B psJe culyyaeB pH Nepexoye ocayka B NOpofy OH AelcTBUTe 
cOXpaHseT B ceOe Te OCOOeEHHOCTH, KOTOPHIe OblIM eEMy MpHCyWlM cpasy *e 
cJi€ efO BOSHMKHOBeHHA. OfHaKO eCTb OCHOBaHHe AyMaTb, 4TO CJIONCTAA 14 
CTYPa MeJIKOPHTMHYHBIX H, OCOOeHHO, JICHTOUHBIX TOIL He Bcerfla NpeAcTaB 
coOol pesysbTaT YHCTO CeMHMeHTAWMOHHOrO aPpPpekTa, a B HEKOTOPbIX cyl 
MOXKET ABJIATbCA 0 OTHOWIEHHIO K HEMY BTOPHYHOH, BOSHHKUWeH B WMareHeTy 
cky!0 cTaqMio pa3sBUTHA OcalKa. 

H. A. Jleuucos (*), HackObKO HaM H3BECTHO, NepBbIt yKa3asI Ha POM 
XaHuyeckoH Mudpdepeniualuu B cmoecOpa3s0BaHHu [TVIMHUCTbIX OCAJKOB. 
HakO COJep>KaHne STOH HHTepecHOH paOoTHI He MpPHBJIeKJIO BHUMAHHA cmel 
JIMCTOB, PaCCMATPHBaIwlMX BOMPOCbl BOSHHKHOBeHUHA coNcTocTH (%). B cB 
C STHM MpecTaBsAeTcA WeecooOpa3sHbIM U3JIOXKUTb HEKOTOPHIe Pe3yYJIbT: 
MIPOBOAMBIIMXCA HAMM OMbITOB MO MOJeJIMPOBaHHIO CJIOMCTHIX TeKCTYP. 

OnwutT 1. ua onpira 6slna B3ATa NMOMMHHepambHad uM NoOmMAUcHepe! 
onokOBas rIMHa 3 palona Uema6uHckoro OypoyrombHoro GOaccelina. Iu: 
MIpOCyWIMBaslacb, H3Me/IbYalacb HU MpOCeuBawlacb Yepe3 CHTO C OTBePpCTHAM 
0,5 MM. 3aTeM u3 Hee MyTeM CMeLIMBaHHA COOTBETCTBYIOULMX HaBeCOK TIME 
BOAO pu MocdeAyouleM NOMyYacOBOM pacTHpaHHUW UX Pe3SHHOBbIM MecTH 
B CTYMKaX Obi MpHOTOBJeH PAX BOAHBIX cycneH3Hii C KOHIeHTpalluaM 
20 no 46 r ua 100 cm*. Cycnen3un mepenuBasncb B WMIMH Appl (TpyOKu Sitrepr 
MpHyeM UX OObeM AoBosusica Jo 30 cm’, 3aTeM 3aKPbIBAJIMCb PeE3HHOBbIME Mf, 
KaMH M BCTPAXMBaIMCb B TeyeHHe 15 MuH. Ilocae BeTpaxuBaHUA OODbEMBI ¢ 
NeH3HH BLIBepAMCb, B Cly4ae HaOOHOCTH K HUM JoOaBAM BONY, IWMIHH) 
3aKPbIBaJIM PC3HHOBbIMM MpOOKaMM, BHOBb BCTPAXHBAJIM HM OCTaBIANIH cnoH 
HO cToaTb. Uepes cyTKH B MMH Apax C CyCMeH3HAMU HeBHICOKOH KOHMeHTpa’ 
(30 r Ha 100 cm*) Ha6m0qanocb 3aMeTHoe CKOMMeHNe MecKa B HWKHell ue 
OCaKOB; B ItHIMHApax Cc OObUIMMM KOHIeHTPalluaAMH OCaKu Ka3aucb 6¢ 
OAHOpOnHbIMH. OdpasoBaBuinecsd Ocadku Opin B3MyyeHHI. Wx cycnen3uu e 
AHEBHO B TeyeHHe MecsAlla NOLBeprasiMCcb AaIbHeHWel Jucnepraluu myTeM BCT 
XHBaHHA B TeyeHue O MHH. JloKasaTebCTBOM TOMY, UTO pH BCTpAXHBaHUH || 
CTBHTCJIbHO MPOWMCXONMa Labueliiad Wucneprallua TIMHMCTHIX YacTHIL ¢ 
2xKWJIM BC€ YBeJIMYMBAIOUMeCH OObEMbI OCANKOB STHX CYCMeH3Hii, OTMeuael) 
yepes CYTKH mocjie HX OceqaHud. MHTepecHo oTmeruTb, 4TO Jake B Ocaly’ 
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|h3OBaBLUNXCA H3 CycneHsuli Np KOHWeHTpaluu 30 r Ha 100 cm’, He Habm10- 
)bCb CKalJIMBaHHA MecKa B HWKHeM YaCTH OCalKa. 
locme nepHoyuueckoro BCTPAXHBaHHA B TeYeHHe yKa3aHHOrO cpoKa cyc- 

BUM ObIIM NepeMTbI B UWHIMHApbl O6bemom 50 cm%, B KOTOPHIX OHH BCTPAXH- 
MCb NOCeHHH pas B TeveHHe 5 MHH. M Obl NOcTaBJIeHbI AA npowomKu- 
}HOFO CNOKOHHOTO CTOAHHA, Oe3 NocweAyIOUlX MeXaHHYecKUX HM XAMHYECKUX 
NeHcTBHH pH NocTOAHHOH TemmepaType. — 

oO ucreyeHuu 3—4 Hefleb OCANKM BHEWIHeE He OTIMUAINCh MexKy coboli 
HaxK Mb H3 HHX B OTJeJIbHOCTH NO BbICOTe HMed OMHOPOAHDI Buy. OnHaKo 
e cTOAHNA B TeveHve 10—15 mec. Buy OCaAKOB CTaJI NOHEMHOTy H3MCHATHCH. 
{1 STOM OOUIMH XapakTep H3MCHeHHH BHeWIHerO Bua OCaKOB Obl OLMHAaKO- 
iM, HO XOJ, STHX H3MeCHEHHH Obl Pa3sJIMUHBIM, B 3aBHCHMOCTH OT HCXOJIHBIX 
uenTpaunl cycnensnit. MemeneHua 3aksli0uascb B culexytollem. B cpesueit 
\ WM OCayKa NOABJIAeTCA TOHKHK coh wupHHok B 1—1,5 mM, oTauuatoulniica 
jcTasbHol yacTH Oca{Ka Coulee TEMHBIM UBETOM. SaTeM, IPHMePHO Yepes ABA 
Ha, CTaJIM MOABJIATbCA BCe HOBbIC HM HOBbIC TOHKHE CJIOH, NOMePeMeHHO TEMHO- 
bie Hu cBeTo-cepbie. B HavaJIbHOH CTaMM NOABJIEHNA COM OONatalu Kak Obl 
}MBITLIMH, He pe3KHMH FpaHHaMH, HO B JlaJIbHeHWeM rpaHHbl CTAHOBUJUCb 
ree YeTKUMH. IIpn BbICyLIMBaHHM 9TH OCAKH JI€rKO KOJIOUCb MO MOCKOCTH 
bHHKIUeH CJIOMCTOCTH. 

;OnnuT 2. 3 toh xe rmHbl Ob BbIAeIeH NecoK c pasMepoM sepeH 0,5— 
18 MM, K KOTOpoMy JoGaEnaocb 5% ravub. M3 stow cmecu Opa NpHroToB- 
ia Ha JMCTHJJIMpOBaHHOH Bose ryctas nacTooOpa3nas macca. IlocneqHaa OcTO~ 
+KHO M€PCHOCHJIaCb B WHPOKOFOPVJIbIN TOJICTOCTCHHBIN UMJIMHAP, KOTOPHIN Obi 
OTHO 3aKPbIT PC3HHOBOM NpOOKOH UM OCTABJIEH AIA MPOROMKUTEMbHOTO CTOA- 
A. 
B Teuenne nouru rojla cyliecTBeHHbIX H3MCHeCHHH B OcaKe He NpOMso0. 

JL OCaNKOM CKONMVJICA COM BOLI TOJUIMHOIO B HECKOJIBKO MUJIJIMMETPOB. 
cle BCTPACKH WHHHApa M3 OcaKa BbIJeHIOCh Oosee 3AMETHOE KOJIMYUECTBO 

bi. Ilo mpowecTBHH HECKOJIBKUX MeCAILEB B BEPXHeEH YaCTH OCaJKa cTaJ BCe 

€TJIMBEe NOABJATbCA TOHKHH TIMHUCTHI cnow. Uepes Tpu roa B HW KHeH 

TH UMJIMHApa pacnOJlarasiacb CPpaBHUTeJIbHO OJHOPOHaA Macca MecuaHOo- 
HHUCTOH CMeCH, COCTABJIABIWAaA OCHOBHYIO Maccy OCaJKa, Ha KOTOPOH sJIexaT 
OH TIMHbI TOJIIMHOW B HECKOJIbKO MHJIJIMMETPOB MH Hajl HUM COM BOAbI TOJILIN- 
i 5 MM. 

OnutT 3. Kycouek yeTBepTHYHOM JIeHTOUHOH TMH! u3-no, Jlennurpaya, 
KOTOPOM M&KPOCKONNUECKH OTYUCTIHBO pa3JIMUaJIHCb YepeyloulnecA MexKy 
OOH TEMHO-Cepble M CBETJIO-Cepble COM TOMMIMHOK OKOIO 3 MM, ONycKaJicA B 
pchopopyto yaluKy c BOZOK, re MefWeHHO OOpasoBaacb rIMHUCTaA CycreH- 
a. [locnequasd B30aITHIBaacbh H HEOOJIbINMMH NOPUMAMM NOJVMBaIaCh B CTeK- 
HHBIM UWHIMHIp Auamerpom 20 mM, Coulee 4eM Ha NOJOBMHY HalOJIHeHHbI BO- 
Ht. Unnunip saKppipaica mputeptow npoOKoH u OcTaBasich B CNOKOHHOM 
CTOAHHH, Nocse vero cycneH3uA oceania. Uepes cyTKH, a MHOra vu 4epes 

yac. B IMIMHAP CHOBa NOJIMBaacb IMHMCTadA CyCNe€H3HA WH TaK B JaHHOM 
bite noptopsocb 14 pas. B pesysbratTe STOO Ha THe UMMHApa OOpasoBasica 
aJlOK, B KOTOPOM OTYETJIMBO pa3IMYaOCch Oosbiloe KONMUeECTEO YepeOBaB- 
IXCH Me@XK Ly cOOOM TOHKUX C0eB, a CTONO BOAbI Ha OCAAKOM CTaJI Npospay- 
iM. B reuenne 5 Mec. WHJIMHAP OCTaBaJICA B CNOKOHHOM COCTOAHHH, a NO UCTe- 
HUM STOFO CpOKa B OCaJKe BMECTO OOJIbINOFO KOJINYCCTBA TOHKUX CJIOeB OTUET- 
BO Pa3JIMYaJIOCb TOKO TPH cuOn. HuxHu COM Med CBeTJIO-Ccepy!l0 OKpa- 
y. B cpefHem cy0e, UMeEIIeM B HeJIOM TeMHO-cepylO OKpacky, NP BHAMa- 
IbHOM PaCCMOTPeHHM MOXHO ObIWIO 3AMETHTb ABE CBETJO-CepbIX MPOCOHKU 
MMMHHOI B JOM MusuIUMeTpa. Hakonell, BepXHHM CON, Tak Ke Kak MW HWK- 
fi, O6lalant CBeETIO-cepbIM IBeTOM. ToOJIMIMHa Kax%KJOrO COA OKa3amacb NPH- 
PHO OfMHaKOBOH, PaBHOH TPpeM MHJIJIMMeTPaM. Buy STOrO Ocay\Ka NPM HI- 
aJIbHO HHYeM He OTJIMYAJICA OT BUJa HCXOAHOH JICHTOUHOM TIMHbI. 

OnucaHHbie OMbITbI C HECOMHEHHOCTbIO NOKASbIBaIOT, YTO CJIONCTOCTb B OCaT- 
X BOSHUKIa Yepes Noroe BpeMa Nocse ux OOpasoBpanus. IlepponayambHo 
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ocaloK 60 NO/IHOCTbIO JIMUeH cmoucroH TeKcTypbl (ombiTEI | u 2), mu60 cmos 
CTOCTb, BOSHHKIUad B HeM B pe3ysJIbTaTe HCCKOJIbKHX NPHBHOCOB MaTepuam) 
c TeueHHeM BpeMeHu H3MeHAeTcaA (onbIT 3). Takum oOpasom, BO3HHKHOBEHI) 
CIOMCTOCTH BO BCeX STUX cy4anx Oplvia cleqcTBHeEM NMepepacnpesemeHuA 1 
| 
f 


i 


CTH, B OcafKax. | 
H. A. Jenucos (7) yKa3piBal, YTO BOSHHKHOBeHHE CJIOMCTOCTH B IJIMHUCTBI 
ocallKax CBA3aHO C Auddepenunalnel MaTepnasa NO KpymHocTu,H OOpasyroulned 
COM He OTpParxKaloT uMCa EAMHMYHbIX MpHBHOcoB. Takoe nepepacnpeseseHt 
yacTHI, NPOMCXOAMT B TeX CJyYaAX, KOPa BEPXHAA YaCTb OCaNKa, BOSHUKUEs 
M3 paHee MpHBHeCeHHOH NOpilMH MaTepHasla, UMeeT JOCTAaTOUHO MaJIy!0 MIO’ 
HOCTb, pH KOTOPOH rpyOoducnepcHble YaCTHIUb!I M3 OCaMKa NocMeLyIOulUMx MOF 
Mii OKaXKYTCA CNOCOOHLIMH NpOlTH Yepes Hero M B KOHEYHOM CHeTe Mpucoez! 
HHTbCA K rpyOoucnepcHbIM YacTHMaM Mpefbiqyuleh Noplun. 
Hawi uccseqoBanua He mpoTuBopeyaT BpiBony H. AH. Nenucosa o Ande 
PeHILMpOBaHHOM MepepacnpeyeseHuH MaTepvasla B OCcafKe, OOpa3s0BaBLlemc 
U3 HECKOJIbKUX MOCMeCAOBATeIbHbIX CAMHHYHbIX MPHBHOCOB MaTepvasa. OnHak 
HaMH ycTaHOBsIeH cbakT BOS3HHKHOBCHHA CJIOMCTOCTH B MepBOHaYaIbHO OHM 
POWHBIX OCaKax, OOPasOBaBIIMXCA TOJIbKO W3 OMHOH NOPWUHH TUaTebHO TMi 
eprupoOBaHHoro riMHUCTOrO MaTepHasa. B sTOM cly4yae NOABJIeHHe CJIOMCTE 
CTH ABJIACTCA TAKKEe pe3ysIbTaTOM AudepeHuMpoBaHHOro NepepacnpeseenH| 
uaCTHIL B OCaKe, KOTOPOe ABJIAeTCH CEACTBHeM JIOKaM30BaHHOrO CKOMeHW) 
B OCayKe BOJbI, BbIJeAIOWeHcA pH OOWeM YyMVIOTHeHHH H3 efO HMKHE| 
yacTu (4). { 
MexaHu3M MepepacnpeseieHua YacTul, B OCaqKaX MOXKeT ObITb NOHAT TH 
mpu yuere HOBeHWIMX MOCTHXKeCHHH KOJVJIOHHOM XMMHM HU BbIBOJOB U3 yUeHH 
O CTPyKTypooOpa30BaHHH B JMCMepCHbIxX cucTeMax, pa3BuBaemoro II. A. Pe6ur 
Tepom (°). : 
IIpu paccmoTpenuu mpollecca BbI,eeHHA BOAbI M3 OCANKOB culeyeT MMeT 
B BUY, 4TO Ip OceaHuu CyYCMeH3HH OXHOBPeMeHHO C OOBIUHOH ceMMeHTallve 
rpyOoducnepcHbIX YacTHIL MOpMUupyeTcA KOAaTyJIAWMOHHBIM ceTuaTbIli KapKa 
M3 BbICOKOJMCMepCHbIX YacTH, yYaCTBY!OWMHX B OpOyHOBCKOM JIBY2KeHHH » 
MOSTOMY CTaJIKMBaIOWMXCA HW B3aMMOJeHcTBYyIOWWHX Apyr c Apyrom. Kak yKa3p 
Baer I]. A. PeOungep (°), STOT KapKac HIM KOaryJIAWMOHHaA cTpyKTypa Nl 
CBOUM (U3HYeCCKHM CBOMCTBaM 3aHHMaeT Kak Obl NpOMe>KyTOUHOeE MOO*KeHY 
M@XK Ly X%KWIKMMM HM TBEPIbIMM TeaMH. Bo MHOrHX TIMHUCTHIX CYCIeH3HAX KOE 
PYJIAWHOHHbIA CeTUaTbIM KapKac OcefaeT KaK LWemo0e UM 3aepxKuBaeT HE TOJIbK 
oceflaHuve rpyOodMcnepcHbIx 4acTHL, HO H CBOOOMHOe BEIeeHue BOTH. 

B ocaykax, MOYYMBWMXCA M3 TaKHX CycMeH3uli, KapKaC, yMJOTHASACE 
OKa3bIBaeT IIPeNATCTBHE CBOOOMHOMY BbIJeeHHIO M3 HMX BOLI. OnHaKo Bee] 
CTBHe TOFO, YTO KOaryMAUMOHHbIe CTPyKTYypbI OOMaalioT THKCOTPOMHbIMU CBOL 
CTBaMH, T. €. CNOCOOHDI paspylWlaTbeA NOM BAMAHHeM MeXaHMyeCKHX BOS elcTBH 
WM BHOBb CaMOIIPOH3BOJIbHO BOCCTaHaBJIMBaTbCA, BOJa BCe Ke BbIemAeTCA H 
ynmoTruarouleroca ocagKa. Iloquumascb BBepx MO Ocagky, 3Ta BOJa Nepuoruu 
CKM CKaIWIMBaeTCA WM 3aQep2KMBaeTCA Ha OTMebHbIX TOPUSOHTAJIbHLIX yPOBHA} 
mOKa, HaKOHEL, He MpOeT yepe3 BCIO TOJILULY BbIMMeTeKallero OcalKa HU He Bb 
qemuTca W3 Hero. CkanMBaHue BO/bI HMCHHO Ha TOPH30HTaJIbHEIX yPOBHA 
MPOMCXOAUT BCeACTBUE TOTO, YTO KOAryJIAWHMOHHBIM CeTUaTLIH KapKac NOcTpoe 
M3 AHM30QMaMeTPHYeCKUX 10 PopMe, BbICOKOAMCNePCHBIX YaCTUIL H B Mpouecc 
oceJaHusA ero CTPyKTYPHaA CeTKa HE TOJIbKO yIIOTHAeTCA, HO u Jecbopmupyerec 
B TOPH3OHTAIbHOM HanpaBsenun (7). B pesybrate atoro conmpoTuBseHne mp¢ 
JBY2KCHHIO BOJbI B OCaKe B BEPTHKAaJIbHOM HallpaBsleHnu Oyler SoubiuM, Ye 
B TOPH30HTAJIbHOM. CKalIMBaHHe BOI B OCaLKe Ha OTACMbHbIX YPOBHAX BIE 
BaeT Pas2KWKEHNE COOTBETCTBYIONeH YaCTH OCcalKa HM HapylleHue WemnocTHOCT 
THKCOTPONHOM KOaryMALMOHHOH CTPYKTYPbl, YTO CO3aeT BOSMOXHOCTh Mepi 
pacpefeseHuad YacTH Ha 9TOM yuacTKe, MOKA, HaKOHeM, BHOBb He HacTyne 
BOCCTAHOBJICHHE KOAryJAWMOHHOM CTPyKTypbl, HO yxKe Oomee KOMMAKTHOI 
MeHee OBOJHCHHOM 3a CUeT NOPUMaMbHOLO BHIAeCHHA BOM, CTpemalelica no, 
HATbCA BBEPX NO Ocadky. Takum oOpasom, mpouece nepepacnpenemenua yactY 
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4ay\Ke, 110 HallleMy MHe€HHIO, BO3MOXKeH B CLy4ae MPHCyTCTBUA B HEM CBOOOd- 
rpaBHTalMOHHOH BOLI H KOJWIOMAHO-AuCcnepcHoro MaTepHawla, YaCcTHILDbl 
pporo cBx3aHbI Mexfy coOoH KOaryJAWHOHHOH THKCOTPpONHON crpyKTypolu. 
“CTb OCHOBAHHA NOaraTb, YTO MHOrHe TOPHble MOPOAbl MpH cBoeM OOpa3o- 
(MM (JICHTOUHBIC TIMHBI, AWIMbI, Mepreu wu MHOorHe Apyrue) mpoulmM yepes 
M10 KOJIJIONAHO-ucnepCcHoro COCTOAHHA HW UX POpMHNpOBaHHe WWIO B BOHOL 
te. Kak H3BeCTHO, JICHTOUHYIO COUCTOCTH, YaCTO BCTpPeyarOllyiocaA B ITHX 
Wax, OObIYHO CBH3bIBaIOT C Pe3KO BbIPaXKeHHbIMA Ce3OHHbIMH ABJICHHAMH. 


CJOMCTOCTb C NepHOAM4HOCTbIO NATeH Ha covHue (8). 

bl MOXKEM MOJaraTb, YTO B PATe cydaeB HaOMOMalollaicaA B MepewcseH- 
< MOpoax JIGHTOUHAA CIOMCTOCTh ABJIACTCA CJICICTBHEM TaKMX Ke Mpolec- 
|, KOTOPbIe MOPOXK Aa COMCTOCTS B ONMMCAHHBIX Hamu OnpiTax. Mpi He CKJIOH- 
ULyMaTb, 4TO CC30HHOM COMCTOCTH B MpHpoe Boobie He OOpasyercs, HO OnH- 
Hble (akTbl CBUJeCTeIbCTBY!IOT O TOM, 4TO BCHKUHM pa3 3TO TpeOyer OcOGbIX 
[asaTeJIbCTB. 

IlepepacnpeweneHne YacTul, B OcayKaX MeO, NO-BUAHMOMY, BeCbMa Ba?K- 
+ 3HAUeHME B reOIOrM4ecKHX Mpoleccax. OSpa3oBaHue KOHKpelluH, STO JIHLIb 
[H H3BeCTHbIM HaM YaCTHbIM Clyyal ero MpOABJIeHHSA. 

BosMoxkHO, YTO HMeCHHO JelicTBHeM MexXaHHyecKoro MepepacnpeyeseHuA Ya- 
Il ocay{kKa culeyeT OObACHHTb H3BeECTHbIM MHKPOMaseoHTOOraM (akT CKON- 
“MA B OTCIbHbIX TOHKUX COAX, HallpuMep, AHaTOMeH, OMHAKOBbIX 110 op- 
WM pa3Mepam. 

Pe3ymbTaTOM 9TOTO *Ke Mpollecca ABIAeCTCA BEPOATHO pasHoOOOpas3zne PiuLie- 
1 puTmMuuHoctu. IlepepacnpeyemeHuem uacTHul, WpH WuareHese MOXKHO OObAC- 
‘bh BOSHHKHOBCHHE TOJIUL, MpecTaBJIAIOWWMX coOolH YacToe nepecjlanBaHve 
DCKHX H3BeECTHAKOB C KPeMHUCTHIMH MOpozamu u T. J. 

B Hactosilee BpeMA TBeEPAO yCTaHOBJIeHO, YTO BOSHHKHOBCHHE CJIOHCTOCTH 
PMPOAHbIX yCNOBUAX O613aHO Pa3sIMUHbIM IPHUnHAaM, HepeAKO HakJIa{bIBalo- 
McA OHA Ha Apyryt. Bo Bcsakom culyyae, K MepeyHIO H3BeCTHBIX MPH4HH, 
bIBAIOLMX CJIOMCTOCTb, cefyeT MoOaBuTb elle OAHY — usyuiee B OCatKe 
JMareHese MeXaHNyeckoe Mepepacnpeyesenue YacTHll. 


| TopHo-reosiorHuecKHH MHCTHTYT Tloctynuso 
-Ypanpexoro duanana Akayemuu HayK CCCP 25 V 1959 
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lr. C. KOHOBAJIOB 


BbIHOC MHUKPO3IJIEMEHTOB FJIABHEMWIAMH PEKAMH CCCP 
(I1pedcmasaeno axademuxom H. M. Cmpaxosom 26 VI 1959) 


Tlpecupie noBepXHOCTHHIe BOL (peKH, O3epa, BOLOXpaHusMIla) MO HacTe 
WlerO BP€MCHH MaJIO H3YYeCHbI B OTHOIWeHHH MMKpOSemeHTOB. Mexyy Te 
CBeJCHUA 3TH HEOOXOAUMbI NpH pellleHHu BOMpoca O NMPHIOAHOCTH BOsbI J 
NHTbA, ObITOBOTO noTpe6seHHA M OpolweHuA. Kpome Toro, ocoOpi nMHTef 
mpecraBsaeT U3yYeHHe COAepKAaHHA MHKPODICMCHTOB B WeIAX MOMCKOB NOU 
HbIX HCKOMA€MbIX THAPOXHMMYECKUM METOJOM, a TakxKe [WIA yruyOueHHA 31 
Hu O MHrpalluH MMKPOIJICEMeHTOB B ruApocdepe. | 

B 1954—1956 rr. npu Halliem yuacTun Obi H38yYeHbI HEKOTOPbIe MHKPOII 
MeHTbI B TrvlaBHeliwmx pexax CCCP. Ipo6ni nogn, orc6panupie (c NOMODL 
ceth Tnapometeoposoruueckoh cuyx6pn1 CCCP) B NyHKTax, pacnouloxeHH) 
B HH30Bb‘X peK, Obi MpHypoueHbl K MepwHoyy BeceHHe-seTHeErO NaBolKa, 
KOHILy JleTHeH WIM 3HMHeH MexKeuHH (OT 2 Jo 6 npo6). Pe3sybTaTb! ucceOBaH 
mpupesenbl B TaOn. |. 

Pexu Oaccelua Basitulickoro Mops, HaxOJ{AMLeroca B30HE M3ObITOUHOLO yBula 
HeHHA, XApakTePH3YIOTCA HH3KOH HM CpeAHeH OOMeH MHHEpaH3allNeH BODHI, KOI 
Pad HeE3HAUMTeIbHO KOeOeTCA B TeyeHne roa (4). KonueHTpalluaA H3y4eHH) 
MHKPO9SJIEMEHTOB Takx*Ke HeBblcoKa. I loppiweHHbIM cofepx%aHvem Mn u Cu ors 
yaeTca p. SanayHan J[BuHa. 

Pexn Oacceliua UepHoro u A30BcKoro Mopeli NpoTeKaloT B Pa3JIMUHbIX KJ 
MaTHYeCKUX 3O0HAX HM OYCHb pasHOOOpasHbI NO CBOeMY PEXUMY, TO OTPaxkaeT 
WM Ha COJlepkaHHH B UX BOJe MHKPOSeMeHTOB. B Oacchue p. lOxup Byr pz 
NpOcTpaHeHbl NOPOAbl TPeTHYHbIX MOPCKHX OTIOXKeHuH (7°), oO6bIYHO CORep% 
WHX 3HAUHTeJIbHbIe KOHMWeHTPalluH Sopa, Opoma, oa u ropa B erKO pacrTeE 
-pumoi copme. B soge IO. Byra takxe 3aMeTHO NOBbILIeHHOe COMepKaHHUe YK 
3AHHbIX SJICMCHTOB. 

UepHosembl, WHpOKO pacipocTpaHeHHule B Oacceline p. Jon (?), onpegens 
yBeJIMUeHHE KOHICHTPallMH yKa3aHHbIX MHKPO3JIEMeCHTOB B STO peke. 

TloppilieHHbiM cOfep2%kaHHeM MapraHlla Xapaktepns3ytorca pp. Jnectp 
oco6eHHo Puonu, uemy cnoco6cTByIOT GOOTHBIE NOUBLI, PacnpocTpaHeHHble 
Oaccelinax 9TuX pex. Ha cogzepxanne Mapranua B Puonu onpeyeeHHoe BuP 
HHe OKa3bIBaeT TAK2KE MECTOPOKEHHE STOO SIeMeHTA B Oacceline peku, B Ur 
Typax. 

B Apano-Kacnuiicxom G6ecctounom GacceiiHe NOBBIMeHHbIe KOHIeHTpall 
6opa, Opoma, Hoa u MapraHila XapaktepHp! Ja p. Kyppi. B Boge pp. Ay 
Tlapbu nu Cprip-Jlappu otmeueno Ooviee BbICOKOe cOsepxaHHe MeL MU WHHKA 
CpaBHeHHIO C APyruMH peKamH. 

Pexu, Brajaiouve B Mops CezepHoro JlenoBuToro oKeaHa, xapakTepu3yK 
CA, KaK MpaBuslO, HEBLICOKMM COepxKaHuem Oopa, Opoma, lioga u dropa. Mcxa 
yeHuve coctapaseT p. Hono, B KOTOpOH HeCKONbKO NOBbIIeHa KOHIeHTpall 
(bropa. 3Jecb, oueBUAHO, CKa3bIBaeTCA BIMAHUe cbTOpanatTuToB, pacnpoctpaHe 
HbIX Ha KobcKOM nosmyocTpore. 

CuOupcekne peku wu peku Oaccelina Tuxoro okeaHa OTJIMYAaIOTCA NOBBILIE 
HBIM COJep2KaHHeM Me] M WHHKAa MO CPaBHeHHIOC paBHHHHbIMM peKamu EB 
12 
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ikicKOH Tepputopuu CCCP..Palionnt nutanua u cdopMupoBaHUA cocTaBa BOABI 
WOMpCKUX pekK MpefcTaBlAloT coOoOH OOuIMpHEIe 3a6oN0ueHHbIe OGactu (3), 
M04BaX KOTOPHIX MOBbILeHbI KOHWeHTPalun Medu uM WHHKa (?). 

TakuM OOpa30M, MOXHO ClelaTb CileAylOulNe MpPpeLBaPUTeIbHbIC BHIBOI: 

1. IloppimenHHoe coyepxxaHue Opoma, Gopa, Hoka u dbropa HaGmogaerca B 
pe peK, B OacceliHax KOTOPbIX HMeIOTCA MOPObl MOPCKUX (TPeTHYHBIX) OTIIO- 
NeHHM JIM MOUBbI, OOOTalleHHble STHMH 9TeMeHTaMH (YePHOSeMbI, KalllTaHo- 
bié MOUBbI H CepO3eMbI MyCTbIHH). 

| 2. YsemmuenHe KOHUeCHTPallMH Me M WHHKa MMeeT MECTO B psAJe peK, Xu- 
iM4eCKHH COCTaB BOJbI KOTOPbIX (bopMupyercsA B TOpHbIX pationax (KyOaub, 

Wmy-Jlappsa, Crip-Jjapbs), a TakxKe B peKaX, B SacceltHax KOTOpbIX pacmpocTpa- 
PHI OOMOTHLIe NOuBEI M NoOAs0MbI. K nocmeqHHM OTHOCATCA pay pek CeBepa, 

| TakKke MHorne pexu Asuatckol Tepputopuu Cotosa. 

| 3. HayuyenHpie MMKPOSJIeEMeHTHI ABJIAIOTCA YCTOMYMBbIMA KOMMOHeHTaMU 
apr pek. Mx KOHWeHTPalluaA 3a HeKOTOPbIM MCKJIIOUCHHeEM MMeeT HeBLICOKHE 
joeOaHHA B TeYeHHe Toa. ITO NOsBOJIAeT NOMCYMTATh CpeAHIOIO KOHLWeHTpa- 
WHO MHKPOSJIEMeCHTOB B OTJC/IbHbIX PeKax. 

' MccmeqoBaHHble PeKH COCTaBJIAIOT OCHOBHOH CTOK C TeppuTopuH CCCP (He 
jeHee 60%, a Rint paqa MopeKux GaccelHoB Gomee 80%). McKmiouennem sAB- 
\siorca peku Oacceltva Tuxoro okeaHa — Amyp u KamuatKa, KoTopple Jaior 
ombKO 45% or oGulero croKa 9Toro GacceliHa. OHaKO B JIMTepaType OTMe- 
aeTCA OJHOPOAHOCTh CocTaBa BOAbI pek STOrO Oaccelina (18). BemeacTBue 3TOrO 
peIHue KOHIEHTPallMH MMKPOSJIEMEHTOB B BOJe STHX PEK MbI NOCUNTAIM Taky*Ke 
O3MO2KHBIM PacMpocTpaHuTb Ha Becb Oaccelin. Mcnomb3ya Wanupie B. JI. 3aii- 
‘OBa 0 cpeHeMy MHOrosleTHeMy CTOKy pek (°), MbI MOACUMTaIM OPHeHTHPOBON- 
(0 CTOK MUKpO3/IeMeHTOB c TeppuTopHu CCCP. . 

| CyMMapHas BeMunHa BbIHOCa BCeX MCCJIeEOBAHHbIX MHKPO3JIEMEHTOB Cc Tep* 
buTOpuu CCCP opmexTupopouHo paBHa 760 000 7/rog. 


TuapoxumMuyeckuit MHCTHTYT Tloctynuso 
AkanemuH HayK CCCP 9 VI 1959 


HWMTMPOBAHHAA JIMTEPATYPA 


10.A.AaexKuu, a) Tuapoxumua pex CCCP, u. I, Tp. Toc. ragponoruy. nucr., B. 3, 
948.5) 4. 2. B. 10, 1943. B). 4.3, B. 15, 1919.2A. TT. Bunorpagos, leoxumua peakux 
1 pacCeAHHBIX 9/ICMeHTOB B MOUBaX, 3a. AH GCGEP; 1950, 2? JI. K. a aBbl aos, TuApo- 
fpapua CCCP, 4. 2, Hag. Jlenuurp. yaus., JI., 1955. 45B.'.3amKkos, Cpeqnnit'ctok 
H ero pacipeseleHve B rosy Ha TeppuTopHH CCCP, JI.— M., 1946. 
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Jloxaans Axagemun nayk CCCP 
1959. Ton 129, Ne 4 


TEOXHMH fi 


J. A. MHHEEB uw H. HW. CTYMHAKOBA 


O MPHPOJE PAXJMOAKTHEHOCTH OPTHTOB HW COOTHOWMEHKK 
B HAX YPAHA, TOPHA HW PEJKUX 3EMEJIb 


(ITpedcmaeaeno axademuxom J. H. Mlep6akossim 15 VI 1959) 


HeofHoKpaTHO yKa3bIBaJIOCb, UTO MHHePaJbl PeAKUX 3EMeJIb MH COOTHCIWIECHHE 
B HX OT/@JIbHbIX KOMNOHEHTOB S8AKOHOMEPHO MeHSIOTCA B XOfe PasBHTHA Ter 
MATHTOBOFO MpoOecca, UTO MOKET CYARKUTb MHAMKATOPOM reOXHMHYCCKHX YCJOBUE 
MMHepalooOpasoBnaHua BlerMaTntax. OnpeyeseHHyl0 NapareHeTHYeCKyI0 CBASE 
Th c wepveBbiMH peXKHMH 3eMJIAMH, aU c HTTpH: 
€BLIMH peKHMVM 3€MJIAMM OTMEeUaJH MHOrHe uccexO 
Batesu (1-4). B To xe BpeMa aBTOp padoTH (*) npuied 
K 3aKJIIOYCHHIO O OOLWOH OusccTH nyTel Y u TI 
B NerMaTHTOEOH KphetassKsauun. [pu stom uccseyo: 
BaTevIH OFpaHHYHBaJHCb CCbIWIKaMH Ha XapaktTep 
Hy!lO Tapy MHHepaJioB MOHAWMT — KceHOTHM. EcrTi 
TakxKe YykKa3aHHA HA CYUIeECTBCBAHHe HK30MOfE@HO! 
cpi3H U uw Y BUWnHpKonax u cdeHax, a Ce } 
Th B MoHalHTax uw OpTHTax (°). 

OpTHT ABIA€TCH OHHM M3 HanGosee pacnpo 
CTPaHeHHbIX PaHOaKTHBHbIX MHHepasioB; paHcak 
THBHCCTb eFO CObINHO OObACHAaCh cOfepxKaHHen 
Topua. Kak nucan B. HM. BepxHagexuh, «paccesHue 
ypanha B OpTuTax (XHMHYECKH B HHX He HaXCJMMOTO; 
Tpe6yeT usyyenna» (°). A. T. Betextun(*) ctmeuaer; 
4uTO aBTopamH rKHHTrH «MuHepanb ypaHa»(§) opTHi 
«HHTye He ONMCaH H Jaxke He YNOMHHAaeETCH B CCIEN 
CNHCKe MHHepaJoB». | 

Mexyny tTeM, cofepxKaHve ypaHa B  optTHtay 
TaKOBO, YTO HapsAyy C TOPHEM OH ABJAETCA CYIIECT- 
f 2 E } 6 Be€HHCH NPHYHHCH palHOakTHBHCCTH OpTHTOB. TouHoeE 
Puc. 1. Cxema usmenenna Ollpefesenve ypaHa B OpTHTaX HeCOxo,uMO MpH 
COOTHOWeHHA® PanwoakTHB- TE€OXHMHYECKHX H MUHEPaOrHYeCKHX HCCeENOBA- 
py eee ACEI HUAX HapaBHe C ONpeleJeHHEM TOPHA MH pacmEdpos- 
MexKly penkosemenbrnmn CH COCTaBA SJIEMEHTOB peqKHX 3eMeJb. AHaNLTHKE 
gnementamu: 1 —Ce Sy; K€ 3auacTylo mpocTto He oNnpesenswrT ero copepmKa- 
2—Ce>Y; 8—Ce< Y; HHA. 

a= Ce oY B sapyCexkHOH H oTeYeCTReEHHCH reoncrnuecKor 

AMTeEpaType MCHKHO ECTPETHTb CKCO WEYX J€CAT- 

KOB aHaJV30B OPTHTOB, CofepxamMx oT 0,01 no 0,1% ypana, npu 3HauH- 

TeJIbHOM NpecOvaqaHHH Topva (cT 0,5 no 6,0%) (8, 1%). Han€écnEmes 

coflepwkanve ypaHa (0,4%) onpefeeHO B OpTHTe v3 rpanHice xp. JI2KyM 
ron (4): 

Kak nokasai Han uCcCHeORaHNA, B HITPHERHIX OPTHTaX ypaHa coyep- 
*KHTCA SHAUNTEIbHO Coke, YEM TOPHA, TO B MMTEPaType YO cux nof 
He OTMeuaJIOCb. 
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78 


60 


40 


U] 


Ta6Ouauna i 


Comepskauve ypaHa M TOpHa B OpTuTax 
(O6pasunr K. K. Kuposa, J]. A. Muneeza u B. A. Xxoctosoili) 


CofepKaHue B Bec, % 


|} NeNe Ce 
MecropoxyeHue on ih 
)| m0. at: ¥ Th U UP. 
4 | Bumepble roppt (Y pam) CeSY 0,400 |<0,001 |>400 
2 |Wabmencxve ropp (Ypan) Ce Y 1,40 0,016 88 
3 | Xeto-Jlam6una (Kapesna) : Ce > Y 1,20 0,025 41,3 
4 |Ilanpunopa Bapaxa- (Kapeana) Cosy 4,35 0,145 40) 
© |Pyauux Uxkanosa (Kapesna) Ce > Y slay 0,088 (as 
6 | Anaxyptru (Kapeana) Ce iO) 0,071 15,5 
7 =| Koltta-Tynapa (Kapeana) Ce>Y 11D 0,230 7,6 
8 | TaquHo o3epo (Kapesmnsa) Gen 1,49 0,204 7,3 
9 | Xuto-octpoB (Kapeana) Ce< Y 0,47 0,62 ORT 
40 |IInotHaa JlamOuna: (Kapenua) Ce < Y 1,86 205 0,63 
41 | CuHas Mana: (Kapeana) Corey, OMS 0,37 0,35 
42 |Anexceepckan «ua (KapenHa) Ce<Y 0,015 0,32 0,047 
13 | Cmojqanaa ropa (Ypan) Cera 0,006 0,14 0,043 


| IlpumMeuanune. Onpezenenue coqepkanua Th u U nponspoquaoch pagquometpuye- 
¢KHM MeTojoM. JlaHbI cpeqHue 3HaueHHaA H3 3—4 onpenenenni. 


B tao. 1 npHBodATcCA JaHHbIe, CBHeTeIbCTBYyIOUIMe OO OMpeweteHHOH ma- 
| pa/JIeIbHOCTH B H3Me€HCHHH WepHeBo-HTTpHeBOro HM TOPHeBO-ypaHOBOrO OTHO- 
‘WeHHH B OpTHTaX H3 pa3HbIX NerMaTHTOB Ypaja u Kapenuu. B yKa3aHHbIx 
MECTOPOKTCHHAX OPTHT AB- 
\JaeTca peKuM (akueccop- %o 
-HBIM) MHHepaviom. 5 
B nOJHOM COOTBeETCTBHA 
€ HalluM 3akJIIOWeHHeM 00 
-o6paTHOH 3aBHCHMOCTH Mex- 
dy cofepxanvem Th u Y 
BYOPTHTaX HaXOfATCH MaH- 
Hble © XHMHYECKOM  CO- 
cTaBe JieCATH OPTHTOB 43 
Pa3JIM4UHbIX MeCTOpO*KeHHH 1 
ANOHMH, OMYOJIHMKOBAHHBIC Pye. 2. Coornomenne YO, u ThOs B opTutax u3 pasmHu- 
©. Xata (a), YTO HarJId2HO HbIX MecTopoxzeHuH SInonnuH. 1— Os3uma-A, 2 — Cu- 
pefcTaBJIeHO Ha COCTaBJIeH- peareee e pies 4 a Sapam, edo 6 = 
HOM Hamu rpauKe (cM. m0 a Honea (fo()): I Bony — ThOs ; 
puc. 2). , 
9ro ne cayuaino. B camoM Jese, K OOb2qMHeHHIO §6ypaHa (r; = 0,97 A), 
¢ 9JIEMeCHTaMH PeKHX 2eMeNb HTTPHEBOM MoArpynnb! u uTTpHem (r; = 0,92 A), 
a Topua(r; = 1,02 A) c smemeHTamu WepveBo# nogrpynnsl (7; = 1,07 A) B 
MMHepasiax Kabiud (fr; = 0,99 A) BegeT He TOMDKO OJIM30CTb HOHHBIX payMy- 
cos (2,18), HO H MeHbINaA OCHOBHOCTb MepBbIX MO CpaBHeHH1O CO BTOPbIMH. 
BaxkHOoli OCOOecHHOCTHIO XapaKTePH3YeMbIX MapareHeTH¥YeCKHX py de- 
M€HTOB,OODACHAIOMeH YKa3aHHY10 BbILWe SAKOHOMEPHOCTD, ABJIACTCA BEPOATHOCTh 
MX COBMeCTHOH MMrpalliH B BbICOKOTeMMepaTypHbIX MOCTMarMaTH¥eCKHX 
pacTBopax BCJe{CTBHe CXOJHOM OCHOBHOCTH M CMOCOOHOCTH K KOMIMJIeKcooOpa3o- 
Banu. IIpu sToM ypaH HM ATTPHH HakallIMBaloTCA 4 KOHIY BbICOKOTeMMeparyp- 
HOro MOCTMarMaTHYecKOro Mpotlecca OObuUIe, YeEM TOPHH WM WepHit (cM. puc. |), 
TaK KaK COe\HHeHHA ypaHa M UTTpuA Gonee nosBuxup (™, 1°). Tlostomy qua 
MHHepasloB ypaHa HM HTTPHA XapakTepHO Oovlee NO3AHee BbIeeHHe 43 MocTMar- 
MaTH4eCKHX PaCTBOPOB, YTO MOATBepxKAaeTcA PeoordyecKUMH HaOMOAeHHAMH 


MHOrHX aBTOPOB. 


Codepxcanue oxucnod —» 


oR? De ee eG gs 0 


NS 
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Tax, A. E. ®epcman (*°) cunTat HeOOXOQHMBIM OTHECTH OOpasoBaHhe UTTpoO- 
OpTHTa H3 MerMaTHTOBOH XKuJIbl «(CuHAA Ilana» k reccbase «JI», a WepHeBEIE opt” 
TbI H3 MeCTOpOxMeHHH Toro xe TuNa K Oovlee paHHuMTecca3am. Murepcon (*) 
HaOwi0fasl YeTKOe OOOCralleHHe OCTaTOUHOH uacTH NefMaTHTOBOTO pacmaBa- 
pacTBopa HTTPpHeBbIMH PeAKHMH 3eMJIAMH, CODACHAA 9TO OonblueH ycToiiuH= 

pf BOCTIO KOMIVICKCHBIX COeMHHEHHH PeqKC3e= 
ME€JIbHBIX 3JICEMCHTOB HTTPpHeBOH TpynAb nO 
CpaBHeHHIO C LWepHeBbIMH. 

AnaJlorHuHbie JanHpe nomyuenn A. TI. 
Kasutoi Ja mermatutop Kapenun (37) # 
OMHHM U3 AaBTOPOB JWI MerMaTHTOB Cuto- 
AAHOW Topp (Cpequni Ypan), rae Ha6nwo- 
MaeTcHh 3aKOHOMepHaA CMeHa COCTaBa 9/1e- 
MeHTOB PeIKHX 3€MeJIb HTTPHeBOH rpynnpr 
OT Goulee PaHHerO UHTTPHiicoxepwKamero snu- 
RoTa C SPpOHeEBbIM MaKCHMYMOM Kk IIc3y,HeMy 
epriocoHHTy ¢ MakcHMyMcM Ha Yb (cM. 
pue. 3) 


Puce. 3. CocTaB pegkoseMebHbIX 
SJIEMCHTOB B AByX MHHepasax u3 Mer- 
MaTHTOB Cyl0qAHOH roppl. AnanHTuK BpBo J bl 
P. JI. Bapuuckui. / — urtpniico- 
AepwKaulni siunor, JJ — depriocoxnt 1. OPTHT ABIHeTCH KOMMJIEKCHEIM MHHe- 
PaJIOM B OTHCIUEHHH COfep2KaHHA HE TOJILKO 
PeAKHX 3eMeIb, HO M TOPUA MH ypana. B npupose HaOntolawTca nocteneHHpe 
Ne€pexObl OT TOPHEeBO-llepHeBOoro AO YPaHOBO-HTTPHEEBOLO CCCTaEA. Orucurenue 


Th/U B optutax 13 H3YYCHHBIX MNelMATHTOBbIX MeCTOPOKeHUE MeHAeTCA OT 
4-10? no 4 - 1072. 


2. CoorHomenve U, Th u TR B OPTHTAaX, N0-BUYAHMOMY, OTPaxKaeT COOTHO- 


WICHHE STHX SJIeMCHTOB B MHHepamooOpasyloullel cpeyle Bo BP€MA HX (OPTHTOB) 
KPHCTaJIH3 aun. 


MucTuTyT MuHepanorun, reoxumnn 1 Moctynuao 
KPHCTaOXHMHH peAKUX 37eMeHTOB 15 VI 1959 
Akaylemuu Hayx CCCP 


‘locKoBcKHH rocyzapcTReHHbrit YHHBepcuTer 
um. M. B. Jlomouocoza 


IMTHPOBAHHAS JIMTEPATYPA 


+ Ji. B. Komaes, Tp. Pan. uncr. uM. B. T. Xnonuna AH CCCP. 5. p28. 
2V.M. Goldschmid ite Geochemistry, Oxford, 1954. 8 JT. 2 OTe y sy. J ee 
MHA, Ne 3 (1956). 4A. YW. T yhaPpy 108, OB atvanweme ia Teoxuna peakux 
SEMEHTOB B CBASH C NpoOsemoi metporenesa, U3n. AH CCCP, 1950 est 8 sl puree pconr 
Tam xe. © B. WU. Bepuancky i, M36panupie CounHeHHa, 1, 1954. 7A. [5 es 
TexTHH, Sam. Beecowo3H. munepan. o6m., 88, B. 2 (1959). 8M. B. Co6onesa, 
WM. A. WlyzospKkuna, Munepannt ypana, 1957. 9% 0. M. Iy6unxosa, Munepamm 
DeAKNX OEMCHTOR YW uxyAnar nocnaK Ay. | poi 950400 glee lanes mirijt ayia: 
. ev Seep adie Am. mineralogist, 42, Ne 5—6 Ci95n): sue 
- Bb. Taycoun, Teoxumua, No 7 (1958). 2S Hat a, Sci. Papers of the Inst. S. 
Chem. Res., 35, Ne 860—897 (1938—1939), 18] yy. Ahrens, Gochenies at oe 
ate aclaines No 3 eee foe we Guna, Teoxumua, Ne 5 (1956). 15 ACT 
eavac: e€OXHMH&, : »/E. @epcmad, 
iON We Kean a, Teoxumua, Ne 2 (1959), : . one a 
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Horxnuann Akagemun nwayr CCCP 
1959. Tom 129, Ni 4 


TFEOXHMHA 


}Haeu-Koppecnonzent AH CCCP H. E. CTAPHK, K. ®. JIASAPEB, JI. C. HHKOJIAEB, 
C. M. PPAWJEHKO, JI. B. KOJIAQMH u FO. B. KY3HELLOB 


} KOHUEHTPAILMA H30TONOB TOPHA B BOJAX 4YEPHOFO MOPA 


| B M3yYeHHH TCOXHMHH HM3OTONOB TOPHA MMeeTCA CyllecTBeHHbIi npo6ex, 
BASAHHb.H C HEMOCTATOUHOCTbIO HaluX 3HAHHH O COJepxKaHHH U3OTONOB 3TOFO 
I€MeHTa B NPHPOLHHIX BOJaX, B YaCTHOCTH B MOpcKOH Bose. Hemyorouncsien- 
jple NONITKH ONPeeseHHA HSOTONOB TOPHA B STMX BOMax JO HacTOALlero Bpe- 
eH He NPHBeIH K Hajle%kHbIM MH OLHO3HAYHbIM Pe3yJIbTAaTaM. 

B nepppix paOoTax, MOCBALeHHbIX ONMpeeneHulO TOPUA B BOaX OKeaHOB, 
jb NOJYYeHI ABHO 3aBbilleHHBIe Wudppi: (0,5—2,0)-10-° r Th wa 1 a, 


Ta6O6amuna 1 


Cofep2xaHue HSOTONOB TOPHA B 
OKeaHHueCcKOH Bose, r/a 


Msoton 
no (?) | no (°) 
RdTh (4,0+-1,4)- 10-18 <7-10-18 
RdAc <a 1)529 <2:-10-19 
Wat <6-10-9 <p Les 
Io <6-10-18 <3-10-18 


loTOpple B HaCTOSINee BPeCMA MMEIOT JIMIWb ucTOpHyeckuh uHTepec (*~*). Teo- 
jeTHUCCKHE NOMbITKM PaCCUMTATh KOHUEHTPallHlO TOPUA B BOMaX OKeaHa TakxKEe 
MOryT CYHTATbCA ocTaTOuHO OCOCHOBaHHbIMH, BBY HeMOJIHOTbI Hallux 
HAH O NOBeEJeHHH STOFO SeMeHTa B OKeaHNYecKOH EOe (°,°). Tleppnie 
PAMBIC ONPeeJICHHA MZOTONOB TOPHA B EOMaX OKeaHa OblWIM CeaHbI C M0- 
Ollbio oTorpadbuyeckoro MeTOza u NponopunoHanbHoro a-cueta (’,%). Pe- 
YIbTaTbI 29THX ONpedeneHuhH npvBeseHb B Tabu. |. 
| OrnocntTesbHO colepxaHuad u30TONOB TOpusA B BOaXUepHOrO MOPs B JMTE- 
aType He HMeeTCH BOOOUIe HHUKAKHX JaHHbIX. CnOKHOCTH NOAOOHHIX ONnpeee- 
lu“ CBA3aHa C UPesBHINaHHO HU3KHMH KOHLCHTPalMAMH TOPHA H eFO H3OTONOB 
| BOZe,uTO TpeOyeT paspaOoTKH CNellMa/IbHbIX METOJOB KOHIUEHTPHPOBAaHHAA ero 
3 OobWwHX OObEMOB POA C NMOcNeMyiclleH OUNCTKOH OT BCeX MeWAHLUNX 
JlemeHtos. Tpe6yembili Jin aHanu3a OObEM EObI 8ABUCHT OT YYBCTBUTC/IbHOCTH 
blOpaHHOrO MeTOJa OnpeseneHuA us0TONOB TopusA. B Haweh padote Th?” on- 
eleiaicd KONOpuMeTpuyecku c peakTuEOm B. HM. KysHelopa — Topouom (°), 
Th?*° no a-n3uyyeHHiO C NOMOMbIO yCcTaHOBKM TuNa JIA-49. Jina KOHIeH- 
PHPOBaHUA MSOTONOB TOPHA u3 MOPCKOH BOJbI Mbi NPUMeHHIM coocaxKenne 
IX C THIPOOKUMCbIO Kele3a B MPHCyTCTBMM KpaXMasia, KOTOPbiH CHbHO yc- 
opser KOaryAUuIo Hw OcakKenne ocazKka Fe(OH); us xouoAHbix pacTBopos. 
KauecTBe HHJMKaTOpa Ha u30TONH! TOPuA ucnowb30BacA UX. 
OryeneHve TOPHA OT MeLUaIOWIMX SJICMeHTOB NPOBOAMNOCh 9KCTpakUneh 
KMCbIO Me3UTHIa, COOCaxKeHHeM C THAPOOKHCbIO *Keslesa HW COOCcaKTeHveM 
-OKCaslaTOM KaJIbluA u3 c -CoKucson cpefbi. PoToMeTpuyeckoe onpefenenve 
Opua C TOPOHOM NpoBOsMsOCh NO MeTOAY, paspadoTaHHOMy OAHMM us Hac (’°). 
locne cboromerpupoBaHuaA pacTBOpbl NepeBOAWINCh B 2KHAKOCTHYIO KIiOBeTy 
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JWin ugmMepeHusa ux f-aKTuBHocTu Ha ycraHoBKe Tuna B-1. Bpixoy UX, Kot 
6alca B mpefenax 67—88%. f 

Jina onpeleneHua KouIMuecTBa TOpust, BHOCMMOrO B xOJe aHamu3a, Obl 
BBINOHeHa CepHA XOJIOCTHIX ONbITOB, KOTOpan Aaa 3HayeHue 0,5 y Th #8] 
mpooy. 

PesysbTaTbl OnpeleseHHA TOPS B YePHOMOPCKHX BOMaX, HCMPaBJeHHb| 
Ha colepKanne TOpHA B XOsOCTHIX mpoOax Hu BbIxosp UX, mMpuBeseHbl 
ta6n. 2. 


i ANON on vance 


Koopguuartpl cranyun | Dayounpl O6tem Kouuuect- | Konueut- 
NoNo cranuuit B3ATHA mpo6, a Bo Ths pasa 
—_—________———_| mpo6, m mpo6ax, y |Th-10-* r/a 
Captite B. J. 
{ 
0171 43°44 '8| 36°35’ 0) 250 0,4 1,6 
2000 190 ORS 2,6 
OQ174 43°28’ sara) LAO) 0 200 0,6 3,0 
4000 200 ORS DAG, 
2000 180 On 39 
0175 42°46’ 30°18’ 0 DAS 0,3 Ae4 
0 340 0,8 Perea 
0192 45°05’ | 32°55’ 0 250 0,5 2,0 
Tony6ax 
6yxta 44°33’ Bi toy 0 980 Noe 2,4 


Cpemuee cojepxkanne Th?” 8 pogax UepHoro mops, paccunTaHHoe u3 mpl 
BeCHHbIX B TAO. 2 WaHHbIX, cocraBsaeT (2+ 1) -107° r/n. 

JA MpOBePKH NOJYYCHHbIX Pe3yIbTATOB HM OMpeeseHuA COMep2xKaHUA HOHE! 
B Bowax Uepnoro Mops ObivIM MPHFOTOBJIeHbI JBe CYMMaPHble MpoOb! MyTem OGbi| 
MHeHUA B OAHYy mpoOy Bcex XO/OCTHIX HM B Mpyry!O BCex MOPCKHX Mpol! 
Tlocne JONOJHHTeEIbHOH OUHCTKM TOPHA OT MPHCyTCTBYIOWIMX 3arpa3sHeHUul 
BbIJeIeCHHA TOPHA O€3 HOCHTEIA MPOHSBOMNOCh ONpesedeHue cOepxKaHuA TI 
pus 4 HOHMS B THX Mpobax. IIpuBosuM pesy.ibTaTbI ONPeesIeHHA TOPHA VW HOHN 
B OObCLMHEHHOH MOPCKOH mpobe, ucMpaBJeHHbIe Ha BEIXOM UX,, reomerpuk 
«pon uw coxepxanue Th u lo B xonocrok mpo6e. 


Haiifzeno Pacn./MuH. Haliqeno nonHus, Fr 
Th H30TONOB Th 
Rd Th=Th Rd Th=4Th 
CyMapHaa | 
npo6a 2400 a Do) Gf 48 10, 9-10-10 10,0-10-10 
| 
1 auTp Bomb 2, LOL 0,02 4,5-10-18 4,2-10-18 


M3 sTuX JaHHbIX BUAHO, YTO CpeqHee COMepKaHNe TOpuA B BOMax Uepuo1 
Mopa coctaBneT 2,2-107° r/n, uro copmaflaeT cO 3HaveHHAMH, mMOmy4e) 
HbIMH JIA OTJeIbHBIX MmpoO. OwmOKa onpewemeHua 9STOH BeNHUMHEE cl 
cTaBJIfeT M0 HaulMM JaHHbIM oKOIo 10%. Takum o6pa3om, cpegHee ci 
Hepaune Th’ B pogax UepHoro Mops MOXHO CUHTaTb paBHbl 
(2,260.2) 10 Perr 

IIpu BbrynceHuM COJep%KaHuA HOHHA B BOJaX ObIM BBeeHbI NOMpaBKH F 
ROJO G-akTHBHOCTH, OOycoBeHHyIO Th?” wy Th’, ycxona u3 caenyiouly 
ipyx Wonyujenuh: 1) Th uw RdTh waxogarcs B paBHoBecuu u 2) cowep2KaHt 
RdTh mpespmuaer cogepxanne Th gw 4 pasa (7). Own6Kxu, o6ycn0BieHHEIe 93T) 
MH MOMpaBKaMH, He mpesBpiuuaor 10%. CpeqHee coqepxKanue HOHMA B BORE 
YepHoro Mops MbI IIpHHuMaemM paBHbim (4-+40,5) -107!3 r/z. 

IlonyuenHpe HAMM Wudpbl M0 coxep»xkaHulo TOPHA HM MOHHA B BOMax Ue 
HOrO MOPA ABJIAIOTCA MePpBbIMM AOCOJIIOTHBIMH WaHHbIMH M0 COJep2KaHUlo 9STY 
H30TONOB B MOPCKHX BOax. OTH Wupbl OTKPLIBaIOT HOBbIC BO3MOXKHOCTH Jy 
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P4UHOH OWeCHKH TeOXHMHYeCKOH POJIM TOPHA H HOHHA B ruApocdepe, mpoueccax 
alKooOpas0BaHuA, ONpeeeHHA aOcouOTHOTO BO3pacTa JOHHbIX O6pa30Ba- 


MH MOT. OL. 
Tloctynus0 
22 VIII 1959 
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Woxrnane Akanzemun nayx CCCP 
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OKEAHOJIOTH A 
r. B. YQMHUEB fies 


| PESYJIBTATBI CEFICMO-AKYCTMYECKHX HCCJIEMOBAHMA 
CTPOEHHA JHA THXOFO OKEAHA K FOFO-BOCTOKY | | 
OT 0. XOKKAH JO 


(ITpedcmaenexo axademuxom JI. H, Ilep6axoeum 14 VII 1959) 


| 
i 
| 
i 


_ Wcrutytom oxeanonoruu AH CCCP copmectuo c AkycruyeckuM MHCTHTY- 
rom AH CCCP na nporsxennu psa mer BelyTCA UCCeOBaHUA CTPOeCHHA Ha 
mopel H OKeaHa CeHCMO-akycTH4ecKHMu MeTOwamu. B 28-m pelice «ButTasa» 
ObIIH OCYUIeCTBJICHbI TaKHE HCCIEOBAHMA B ceBepo-3anafHOH uacTH Tuxoro 
oKeaHa — B palione, lexKalllem npuMepHo B 700 KM K I0FO-BOCTOKY. OT O. XOK- 
Kalo. BuiOop paliona uccieloBpaHHuh onpefemavicaA CTPeMJI€HHEM NOJYYNTb CBe- 
J@HHA O MOWWHOCTAX OCaMOYHOFO NOKPOBa MH BaXKHEMWUNX CNOCB 3EMHOH KOPHI, 
XapaKTepu3ylOUlNX KpaeBylO CTPYKTYPYy OKeaHNYeCKOrO OKA — Bas, MpOoTA- 
TMRAIOWMHCA B CeBepO-BOCTOUHOM HanpaByeHuu Bob Kypuso-KamuatcKoro 
*Ken06a. MccnelopaHua MpOBOAMINCh NO TpeM Npod@vsAM, OPHeHTHPOBAaHHbIM 
BKpecT mpocTupaHusa Basa: | npodusb (ceBepHbii) pacnonarasca Ha CBOAOBOL 
yacTH Bawa (rmyOuHa OKeaHa 5180—5550 m); I] (cpenHuh) — Ha ero toro-E0cTOU- 
HOM Kpbiie (rmyOuHa OKeaHa 5600—5750 m); II] (tox HDIH)—Ha NOoBepxHOcTH Ha 
ceBepo-3anafHOH KOTJIOENHbI THXOroO OKeaHa (rryOuHb! OkeaHa 5650—5800 m). 
Jimmua I npodunsa 110 xm, Il nw HI —no 70 xm. 

UccmeqoBaHuA BeJIMCb M€TOJOM NepeBHXKHOTO MYHKTA B3PbIBa C TMIPHeMOM 
WM perucTpaliMel MpAMbIX, OTPaxKCHHbIX HM MPeJIOMJICHHBIX EBOJIH. Pacctosanua 
MexK]ly MYHKTOM B3pbIBa HW NYHKTOM MpHveMa onpesevANHCb NO BpeMeHH Mpo- 
XOX%KJeCHHA MpAMOH, BOMHOM BOJIHbI WIM 3 COOTHOWeHHA BpeMeH 3ana3{biBa- 
Hui OTPa2KeHHbIX BOJIH Pa3JIMYHOH KPaTHOCTH, B TeX Cly4¥aAx, Kora NpAmaA 
BOJHaA BOHa He MOrsa ObITh NPHHATa. PeructpalluaA CHrHaJOB NpousBoN- 
JlaCb C NOMOULbIO JBYX HJCHTHUHDIX MPHEMHO-YCHJIMTeJIbHbIX TPaKTOB C,TpeMA 
KaHaslaMu yCHJICHUA, PasMYaIOULMMHCA NOOCOO NpoMycKaemblx yactTor (3—8; 
5—35; 100—1200 ru). BsppiBbl mpon3Boqusucb c HHTepBasiom 1,5 MuviM Ha 
OnmKaiiwux K nyHkTy npvema 12 mnuax mpodua u Jaee yepes Karxkple 
3,0 mugu. Kaabii npodbusib ucceqOBaJICA ABaxKbI NO BCTPeYHbIM HalpaBue- 
HuaAM. TakuM OOpas0M, MeTOAMKa HCCJIeOBaHHH B OCHOBHOM COOTBETCTEOBaVIAa 
mpumMenapiielica MucrutyToM okeaHovioruu mpu padorax B Apyrux paionax 
(1, 4-8), a TakxKe 61M3Ka K MeTOJNKe, NIPHMeHAeMOM 3apyOe2KHbIMH MCC1eL0Ba- 
Tenamu (7~°). 

IIpu o6pa6orKe nosyyYeHHbIX MaTepHaJIOB UCMOJIb3SOBaIMCb Pa3JHUHbIe Me- 
TOJb1 AHAJIM3A OTPaXKCHHbIX BOJIH (MeTOA KBaMpaTOB BPeMeH 3aNa3AbiBaHH, Me- 
TO], KPHTHYECKHX YIIOB, MeTO YHMBepCaJIbHbIX KPHBbIX) H OObIYHbIe WIA Ha- 
3CMHbIX CeHCMHUYeCKHX MCCJIeEMOBaHHH MeTO/bl aHaJIM3a MPeJIOMJICHHbIX BOJIH. 
Tlocrpoeune rpaHul, pasyea BesIOCcb MeTOAOM Nose BpemeH (Gi 

PegybTaTbl aHasiv3a moKa3biBaloT cylefytouee. Ha BCeX TPex Paspesax 
NOBEPXHOCTb AHa NOfcTuNaeTCA TOMIMeH, XAaPAaKTePUSyIOWleHCA CKOPOCTbIO pac- 
mpoctpaHeHua ynpyrux KoneOannit or 1,6 no 2,0 Km/cek, c O4eBHAHBIM BO3pa- 
CTaHHEM CKOPOCTH NO HampaBJIeHHIO K MOMOLWBE TOU. Ora Tosa paccmaTpu- 
BaCTCA KaK CJIOM PbIXJIbIX OCAJOUHBIX OTJIOXKCHNH, YMMOTHAIOWAXCA K OCHOBA- 
HHO coma. HusKouacToTHbie KOMNMOHEHTH! CHFHaJIOB, OTPaKeHHbIX OT NOBEPX- 
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HOCTH, MOcTulalolle OcayKH, Ha BCeX Paspe3aX OKA3bIBAIOTCA NO ae 
Mepe BABOe HHTCHCHBHeH oTpaxkeHul OT NOBep XHOCTH JiHa. ITO ABJIeHHe ie 
oTMeyeHO paHee m0 paOoram 19-ro pelica «Butsasa» ( ). Ha Beex Tpex paspesial 
mpoclexKeHa Tpylila MpeJOMJeHHBIX BOJIH, XapakTepHsylOUMXxcA Tp 
ckopoctbio 6,5 Km/cek. BosHbl C TaKOH CKOPOCTbIO MPHHATO OTOAACCTBI 
BepXHeli [TpaHHYHOH  MOBePpXHOCTb 
TaK Ha3bIBaeMOrO Oa3aJIbTOBOTO COA 
Ha I (cepepHoM) pa3pese mpocslerKeHby 
BOJIHbI C PPaHHYHOH CKOPOCTbIO OKOVIC) 
9,0 xm/cex. BomHbl c TakKOH TrpaHHuy 
HOH CKOpOcTbIO ObIIM BbIJeJICEHbI C Maj/ 
JOH cTeneHb}O HaflexKHOCTH Ha cocely 
HeM Cc lora pa3spe3e H He BbIJeJIWJIMCH 
Ha C€MOM1O2%KHOM. Kak M3BeCTHO, HAWK} 
HsAs| TpaHulla OasaIbTOBOFO COA H BME 
cre C TeM HHKHAA PTpaHulla 3eMHOk 
KOPbl, OObINHO Ha3bIBaeMan pa3esON 
Moxopospuyuya, B THxXOM OkeaHe Hy 
OOJIbIIMHCTBe CyyaeB XapakTepH3yery 
CH TpaHHuHOH CKOPOCTbW OKONG 
Puc. 1. Tlonomenue upodunei J, II, III 8,3 xm/cex (2). Uem oObacHaeres 
ee wae 28-ro eno mie COLI eea SITE rpaHuunod 

Ne CKOpocTH, NowyYeHHaA B 28-mM pelice 
«BUTA39>, H MOMKHO JIM e€ OTOXKMecTBIATh MOITOMY c pa3zemom Moxopo: 
BuUHYa, MOKa HeaACHO. Kpome 9THX rpynn BOJH Ha 10%KHOM KouLe II paspesz 
WH ceBepHom konue III paspe3a Obiia mpocwexkeHa rpyina BOJIH Cc rpaHH4Hok 


Puc, 2, Crpoenne semHoii Kopbl nO JaHHbIM CelicMO-@KyCTHYeckoro 30HAMpCBaHHA 
28-ro pelica «Butasa», Ludppr ,c6osHayaior CKOPOCTb 3ByKa B Cuice B KM/ceK 


cxopoctbio 5,3 KM/cex. BowHsl c’ Takoi CKOpOCcTbIO MOXKHO OTOXKeCTBAATH, 
KaK HaM KaxKeTCA, C BYyJIKAHOreHHOH TOMMeH, NMOJO6HO TOMY, Kak 93TO OblIG 
CAeaHO JIA Pe€3yJIbTaTOB, MOJyYeHHbIX B palioHe »%xen06a Toura (22). 

MoulHocTb OcaOuHOli TOU MOABepxKeHa 3HauNTeIbHEIM KOeOaHHAM. 
Oua paBua 510  y cepepxoro konua I paspe3a, yMenbilaetca 20 280 M Ha ero 
f0?%KHOM KOHIe H paBHa 340 M Ha ceBepHoM Kouue II paspesa. PesKoe yMeHbIle- 
HHe MOILHOCTH OCcadO4HOH TOU Jo 100 M oTMeyaeTca B TOUKE CTEIKa IOXKHOFO 
Kouta II u cepepxoro konua III paspe3os. Y roxKHoro KoHua III pas3pe3a MOII- 
HOCTb OCaqOUHOK TOJIUM BospactaeT 0560 m. Momnocth 6asabToROro cnoA, 
OmpeNeeHHaA TObKO Aaa I paspesa, cocrapaset 7 KM; MOULHOCTB BYyJIKaHO- 
reHHOli TomujM Ha cTbike II u III paspe30s — oxono | xm. 

HicceopaHHble mpodus pacnowoxKexbl B OGacTH OKeaHnuecKoro J1oxa, 
H NOSTOMY NOJYYeHHbIe JaHHble O HE3HaYHTeMbHOH MOLWLHOCTH OcaqOuHOro cnOR, 
00 OTCYTCTBHH FpaHHTHOrO COA, O MOLLHOCTH 6a3a1bTOBOTO cos 4 CYULECTBO- 
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3aHMM BYJIKA@HOFeHHOTO Tesla Haj OasaJIbTOBBIM CJIOeM, KaK HaM KaxKeTCA, Coria- 
pyloTchH C pesyJbTaTamu Apyrux uccnenoBannli (°, “). CroeoOpasno pacnpese- 
fleHHe MOLLHOCTeH OcaqouHoro cmon. Banke kK CBOAOBOH 4aCTH Basa MOIILHOCTb 
DcaKOB OKa3bIBaeTCA OObIe, YeM B OO/acTH 1Oro-EOCTOUHOFO Kppiia. Murte- 
O€CHO OTMETHTb, YTO NOMOOHOe COOTHOWEeHHe MeXKAY MOULHOCTAMH OcafOUHOH 
TOLL HU MOpdosorMeh Kpaeceoro Bawa Obli0 OOHapyxeHO K. B. Baxapom (Axky- 
eTuyecku nuuctutytT AH CCCP) npu anamu3e mMaTepuvasioB celicmo-akycTHye- 
CKHUX HCClemoBpaHuH 19-ro pelica «BuTa3A» Avid palioua k wro-EocToKy oT Kam- 
uaTKu. Uem OObACHHTb TaKOe CMEILEHHE HAMMeHbIUMX MOLWHOCTeH ocaqouHOl 
OJILLH OTHOCHTEJIbHO MOFCOOrMyeckOH OCH Bawa, TOra KaK MOXKHO Opwio On 
bxKHAaTb HAMMCHBUIMe MOLIHOCTH VMEHHO Ha OCH Bada? Eo3MOXKHO, TO 3TO Cule- 
[lyeT OObACHATL CMeCLEHHEM MOP@ONOrHYeCKOH OCH Bawla BO BPeMeHH, NO Ha- 
impaBleHnio K Kypuno-KamuatcKomy xel0Oy, B CBA3H Cc pasBuTuem Kypuuio- 
KamuaTcKOH FeOCHHKJIMHaJIbHOH 30HbI. 

Mccnefopanua 28-ro pelica «EuTsa30» He ObIIM CTOJIb JeTaJIbHbIMH, UTOOBI 
OMKHO ObIIO CONOCTaBHTb HaOwslOJaemble KOIeOaHHA MOLIHOCTeH OcaouHOn 
TOI C HEPpOBHOCTAMM NMOBepXHOCTH JHA OTHOCHTeIbHO MaJIbIX MaclliTa6osB. 
IMoxHO BCe %Ke MmpefnolaraTb, YTO peskuHe KOeOaHHA MOLLHOCTH OCaOUHOn 
TOJILM ~CBA3AHbI C HEPOBHOCTAMH NepBHYHOTO penbecba u YTO MavIble COpMBI 
ijpenbecba Ha OTParKal0T 3fecb XaPpakTep NepBUuYHOTO pembedba NORepxHocTH Ga- 
|3albTa MW ByJIKaHOreHHbIX OOpasoBaHul. Hanpumep, ynoMuMHaBlleeca ByJIKaHO- 
'reHHoe Teyio Ha cTpike II u II] paspesoB Bp paxenHo B penbedbe Ha NOJHATHeEM, 
IXOTA H M€PeKPHITO OCaOUHOK Toe. Eo3MOXKHO, YTO NOABOAHAaA ropa MexjLy 
In II paspesamu aBlaeTcA ByKaHHYe€CKHM KOHYCOM, NpOpbiBalOllMM Ocalou- 
‘Hyro Tomy. [IpuypouveHHocTb STO ropbl HW BYJIKAHHYECKOLO Tea K IOTO-BOCTOU- 
‘HOMY KPbiJIy Basla KaXK€TCH 3aKOHOMePHOH, NOCKOJIbKY KPblIO Bala cnefyer 
|paccMaTPpHBaTb Kak OOsacTb pacTsxKeHUH. 


MactutyT okeaHomoruu Tlocrynuao 
AkagzemuH HayK CCCP 10 VII 1959 
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Jloxaagn Ankanemnu nayk CCCP 
1959. Tom 129, Ne 4 


TFHCTOJIOTHA 


A. A. KOJIOCOBA 


PEAKUMA HEPBHOH CHCTEMbI CEPAWA MJIEKOMNMTAFONIAX 
HA Ero NOBPE)KAEHHE 


(II1pedcmaenexo axademuxom H. H. Anuuxoeotm 20 VII 1959) 


VismeHeHua HepBHOH cucTeMbl Cepia Mp MaTOMOrHYeCKHX COCTOAHUAX} 
OpraHH3Ma YesIOBeKa HW Pa3JIMYHbIX IKCMEPHMECHTAJIbHbIX BOSMCHCTBHAX Ha %KH-| 
BOTHBIX JaBHO MIPpHBJeKasIM BHHMaHHe Mopdosoros ('~*, °-!*). Bompoc o coctos- 
HUM HHTpaMypaJIbHOH HePpBHOH CHCTeMbI cepa TIpH ero PaHeHHAX, MpecTaB-| 
JIAIOULMX, KAK HAM KarKeTCsH, He TOJIbKO TeOpeTHYeCKHH, HO MU HEKOTOPbIH Mpak-| 
THYeCKHM MHTepec, OcTasIcA JO HacCTOAWero BPeCMeHH He 3aTPOHYTHIM. | 

3necb NPUBOAATCA JaHHble, MOJyYeHHbIe MPH H3yYeHHH HePBHOM CHCTeMBI | 
cepa MJIeKONUTAIOWMX MOce paspe3a CTeHKH OpraHa. 

Onepalinu mpou3Boquuucb Ha B3pocdbix KowKax. [locme BeKpbiITHA pyr | 
HOli KJI€TKH, MVICBpbl H NepHKapfa HaHOCH/laCb MPOHHKaloulaA pesaHasn pana | 
cepeqHol creHKu AmMHOH 1—1,5 cm. Ha paHy HakaagpiBanucb 1—2 menKo-} 
BbIX wiBa. Ha 82 »%XHBOTHbIX MOCTaBJIeHO Be cepuu OnbITOB: |) npoHHKaroulee% 
paHeHue sleBoro yulka (40 9kcnepHMeHToB); 2) NpOHMKatoulee paHeHHe neper-‘ 
Hel CT€HKH JIeBOrO %KesyOuKa B HWKHeEH ero momoBuHe (42 9kKcnepuMeHTa). 
Cpokuw B3ATHA MaTepHadia: MHHMMaJIbHble 2—5 y4ac., MaKCHMaJbHbIH 180 cy-| 
TOK nocule onepauuun. Jia rucroslorM4¥eckOro H3yYYeHHA B3ATbI HENOCpeACTBeH- | 
HO He MOBpexKJeHHbIe y4acTKH OpraHa (cTeHKM Mpedcepqul, MexknpelceplqHaa 
H MexKeyOuKOBaA NeperopogKu). Matepvan duKkcupoBasica B 10% Hel-| 
TpayIbHOM (opMasuHe u 96° cnupte. 3amMopoxeHHble cpe3bi TomUMHO 30— 
60 4 HMnperHHpoBasINcb cepe6pom no metoxy Kamncoua wu OKpallluBaucb Ha 
muasMH no O. Ulynpue u no UWnnunbmetiepy. Huccnepckan cyOcraHlua oKpa- 
IWHBalacb TOJIYHHHOBbIM CHHUM. 

H3mMeHeHua HHTPpaMypabHOH HepBHOH CHCTeMbI cepAla B MpoOBeeHHbIX 
9KCIePpHMeHTaX OOHAPyXeHbI yrKe Yepes 2—5 yac. MocNe OMepalinu. Dtu u3smMe- 
HeHUA BbIPaKalOTCAH B MOPaKeHHH OOJIbUIMHCTBa pellenTOpoB mpescepanH u 
MexKTIpecepQHOW MeperopoAkH; HaHOouIbllee KOJIMYeCTBO H3MCHEHHbIX pellenTo- 
POB BbIABJIA€TCA B SHAO- U SMNKapPIe, B 3HAYHTeEIbHO MeHbIel cTeneHu H3Me- 
HAIOTCA MbIWeYHbIe pelentoppl. TlogaBasatoulee 6O/bIIMHCTBO MaTOJOrMuecKH 
M3MeHeCHHbIX PellelNTOPOB — 9TO KOMMAaKTHbIe€ KJYOOUKOBbIe OKOHYAHHA C BCHO- 
MOraTeJIbHbIMH KJI€TKAMM, OTHOCAMIMeECA K CHCTeMe O.ly2KJaloulero HepBa (12), 
OOvapy2KeHHble H3MCHEHHA 3aKJIOYAIOTCA MPeMMYLIeCTBEHHO B KOAaryALMOH- 
HOM H€KpO3e HM OTPbIBe TEPMMHAaJeH PellenTOpoB, B NocweLyiouleM MosBepralo- 
WMXCA pacnagly (cM. pue. 1). 

BenomoratevIbHble Ke€TKH THOeIM He MOMBepraioTcsA, B HEKOTOPHIX clyyaax 
OHH Pa3MHOKaloTcA AMHTOTHYeECKMM IYyTeM. 

Meuburas YaCTb PelleMTOpOB pearupyeT Ha TpaBMy OpraHa yTOMULeHHeM 
NOBLILMeHHOW UMNperHallue CBOMX TEPMHHAJIBHBIX OTIeOB (cM. puc. 2). Berpe= 
WaloTcA Tak?Ke OKOHYAHHA C CHJIbHO MCTOHYCHHbIMHM, ClaGee OObI4HOrO MMMpe- 
THHMPOBaHHbIMH KOHeUHbIMH OTeaMH. 

Tlon sHqoTeIMeM 9HAOKapa HaGmOLaerca 3HaUNTebHOe HaOyxaHue yuact- 
KOB HePBHbIX BOJOKOH, OOPasylOllMX PaCIpOCTpaHeHHble ApeBOBNAHbIe 4yBCT- 
BHTCJIbHbIe OKOHYAHHA. 
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IIpuBoqaume MAKOTHBIe HeEpBHbIe BONOKHA TaKMX PelleNTOpoB, a TAK?KE He- 
TOPbIX HEH3MCHEHHbIX PeLleNTOPOB, H3BECTHbIN MPOWEHT KOTOPbIX HMeeTCA BO 
eX CyYaAix, XapakTepH3ylOTCA JeCTPyKTHBHbIMM H3MCHEHHAMH OCeBOrO UH 
HApa_H MAKOTHOH OOO0UKH. OceBble IHJIMHAPbl STHX BOJOKOH AUCXPOMMUHHI, 


Puce. 1. T[pouvKatomee panenwe sesporo xenygouKa, J[Ba 

pelentopa BSxHAOKapse MOXKMpescepAHCH MeperopoAKH Cc Mo- 

4TH TOJIHOCTbIO pacnaBLUIHMHCA TepMHHawAMH. (Cepe6penne 
mo Kamnocy. OK. 7, 06. 90 (umM.) xX 


OMOPeHH3HPOBaHbl, MHOra OYeHb pe3skO edopmMupoBaHbl; AedopmMallua ux 
COOCHHO BbIpaxKeHa BOIH3H OKOHYAHUA, re OOpasy!OTCA OYeHb KPynNHble NpH- 
VAJIMBOH (POPMb! PaclIMPeHHA B pa3sJIMYHOH cTeneHH MMMPerHHpyroumecsa ce- 


Puce. 2. IIlponukatoulee panenve Jeporo *Kemy1OuKa. 

Yrommenwe H runepapresTCH.AMA HEKOTOPbIX TepMH- 

Haslet pellenTopa MucKapJa Npeacepgua. CepeOpenne 
no Kamnocy. Ox. 7, 06. 90 (uMM.) Xx 


eOpom (cm. puc. 3). HenpepprpHoctTb TaKHX BOJIOKOH, Kak IpaBHJIO, He Hapy- 
Jaetca. PparMeHTHPOBaHHble HEPBHbI€ BOJOKHA BCTPeyaloTCA OYeHb PeKo. 
MaxoTHad O60104UKa ONMCHIBAeMbIX BOJIOKOH BaKYOJIM3HPOBaHa, H3 Hee BbI- 
ONMT 3HAYHTeMbHOe KOJINUECTBO Kaleb MHOIMHA, HACCYKH HM MePeXBaTbl pac- 
IMPeHbI; Ha.OrpaHW4eHHbIX yYacTKaX MPOMCXOAMT JeMMSIMHH3ALLMA BOJIOKOH. 
} HEPBHBIX CIWIeTeHHAX HW MHTPaMYyPaJIbHbIX TaHIIMAX Tak2%Ke BCTPealorcaA 

HaJIOTHUHO H3MCHCHHbIC MSKOTHbIC BOJIOKHAa. 
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Hapactanue KoMuecTBa H3MCHEHHBIX PellenTOPpOB MpooKaeTcA AO = 
6 cyToK nocue onepaunu. Ha 7—10 cyTku HayMHaloTca Mpolecchl perenepauny 
Ha pcnomoraTebHbIX KJIeTKAaX PaSPYyWeHHbIX YYBCTBUTeCJbHbIX OKOHYAHHH M0 


ABAAIOTCA UpesBbLIUaliHO TOHKHE MOXO MMMIperHupytoulueca nOnanOn aaa 


| 


‘ 
\ 


(1 


oe eed ee ee eee 


Puc. 3. I]ponukatoujee panenuve sleporo yuiKa. Pe3Ko f 
eopMHpoBaHHOe MPHBOALIEe HEPpBHCE BOJIOKHO B : 
M@2KMBILUCUHOH COCAHHHTeEIbHOH TKAaHH MpaBoro mpel- t 


cepyua. Cepe6penneno Kamnocy. Ox. 7, 06. 90 (umM.) X 


HbI€ HEPBHbIe BOJIOKOHIa; OJMHOUHbIC perenepupyloulNe PelleNTOPbl MOXKHO BH 
eth Ha 3—4 cyTKH Moce onepalluu. 


> os” tae ae 


Puc. 4,[lponukatoulee panenve sleporo 2xenyfouka. Perenepu- 

poBaBLUIMH pellenTup 2uMOKapAa MpaBoro MpescepAus c usObI- 

TOYHBLIM pa3pacTaHHeM TepMHHaieH. 15 cyToK mMocne onmepa- 
uuu. CepcOpenve mo Kammocy. OK. 7, c6. 90 (uMM.) X 


B HeKoTOpbIx pereHepHpytOllHXx pellenTopax HaOwOfaeTca u3sObITOUHOe pas- 
pacTaHue TepMuHaviel (cM. puc. 4). 

K Kouuly | mec. nocue onepaluu MpovcxoL_UT HOpMaM3allua mMpeobsmasato- 
ulerO OO/IbLIMHCTBA NaTOOPMYeCKH H3MCHEHHbIX HEPBHbIX CTPyKTYP HENOBPex- 
J@HHbIX OTJeNOB cepa. 

Ilockoibky B HeiipoHax HHTPaMypasbHbIX TaHrsMeB H O€3MAKOTHBIX HEDPB- 
HbIX BOJIOKHAX 3AMCTHbIX OTKJIOHCHHH OT HOPMbI NOUTH He OOHApy2KeHO, MOXKHC 


928 


MTaTb, UTO HHTPakaplMaIbHaA HEPBHAA CHCTeMa MJIEKOMUTAIOWMX pearupyer 
| TPaBMy OpraHa B OCHOBHOM H3MeHeHHeM CBOHX adPepeHTHBIX OTeIOB (pe- 
dntop bl Hi MAKOTHbI€ HeEPBHbIe BOJIOKHa) C MPeHMYLLeCTBeHHbIM MOpar%xkeHHeM 
ientopoB CHCTEMBI Oayxknaioulero HepBa (KOMMaKTHbIe pellenTopphi). 

|| Jipyrue aptopni (°) Takxxe OTMeYaIH OOVIbITyIO PeaKTHBHOCTh PpellenTopoB 
yabOapHoro Tuna. HM3menenua pellenTopHbix mpHOopoB cepa, BbIparKato- 
mec OTPbIBOM UX TEPMMHAJbHbIX OTLEOB, ABJIAIOTCA, NO-BUMMOMY, 3allT- 
od peakilMeli HepBHOM CHCTeMbI, MpoTeKalolleli no TuNy (beHomMeHa ayTOHeBpo- 
Mu, OnMcaHHoro H. HV. 3aspi6uHnbim (1947). Bricrpora 9ToH peakuluu mpe- 
jyupexkaer pacnpocrpanenne maTomorMyuecKoro npollecca Ha Apyrue 3BeHbA 
(PPNEKTOPHOH Mlyru, JOKaNM3yA ero JIMWb B BOCIPHHHMAIOLIeM OTJee adde- 
PHTHOTO 3BeHa. : 

CpaBHenve JlaHHbIX, NOJIyYeHHBIX B JByX CepHAX MPOBeMCHHDIX OMbITOB, 
)3BOJIAIOT YCTAHOBHUTb, YTO PH NOBpeKAeHHN MeBOrO *KeyouKa cepa Ko-~ 
eK JlereHepalluu HM PeakTMBHbIM H3MCHEHHAM NOBeprasocb HeECKOJIbKO GosIb- 


Hee KOJINYeCTEO HeEPBHbIX BOJIOKOH. I]puunHOH 3TOrO, BepOATHO, ABJIAeTCA 

ACCHBHOCTb TKaHeBbIX H3MeCHCHHH MPH PpaHeHHU TOVJICTOH CTeHKH JIEBOrO *Ke~ 
fouka, a TakxKe u Oovbilad PYHKWMOHAaIbHaA 3HAYMMOCTb JIEBOTO *KesyoOuU- 
A CPaBHUTEJIbHO C JICBLIM YIIUKOM, BbISbIBalollaA Oovlee CHJIbHOe pa3sqpakenne 
/bdepenrHpix OTAeOB HHTPaMyPaJIbHOrO HepBHOTO alnapata cepfula. 

OTO BbIpaKaeTcA B MaTOMOPMYeCKNX H3MCHEHHAX CAMO BOCIPHAMUHEOH ero 
CTH — YYBCTBHTCJIbHbIX HEPBHbIX OKOHYAHHH. YuUTbIBaA Pe3HCTEHTHOCTb He- 
JTOPOH YaCTH YYBCTBUTEJIbHbIX OKOHYAHHH, a TaK?Ke HEPBHbIX KJETOK U Oe3- 
MAKOTHDIX MPOBOJHHKOB, CJielyeT NPH3HaTb, YTO HHTPakapluabHanA HepBHas 
HCTEMa KOCK OTJNYAeTCA 3HAYHTEIbHOH CTOHKOCTbIO NO OTHOWICHHIO K MeXa~ 
AUeCCKOH TpaBMe cepa. 


Poctoscknit-Ha-Jlouy Tloety nso 
rocyapCTBeHHbIM MeAHWMHCKHH HHCTHTYT 25 V 1959 


WMTHPOBAHHAA JIMNTEPATYPA 


1A. B. BytepKuada, Ilat. anaT. u3meHeHHA B HePBHbIX y3lax Cepflla H HEKOTPHIX 
menax ILHC mpu nyspipuatKe, CII6., 1897. 2C.C. Battab, Kaun. mez., 138, Ne | Wasa 
1939). ?C.C. Batiab, BoenHo-mopcxoli meg. cOopH., 4, 16 (1945).  * A. H. Bar po- 
jaes, Apx. Ovo. HayK, 57, 1, 35(1940), © T.H. Bu ponaes, IIpo6s. ty6epkynesa, 
50 (1950). SSD AY Lost rT 0-C ab y pos, Tp. Bcecoto3H. kondep. nat. aHaTomos, ‘906. 
IH. WU. 3a3n6un, Tp. Iucton. kondep., M., 1949. 8A. ® Kucenesa, Apx. na- 
bm, 15, 4, 22 (1953). ® A.®. Kucenesa, Apx. TlarOuien 29.01 1(1056) pete 10. M. JI a- 
lo BCKHH, Kaun. meg., 22, 4, 5 (1944). ™B.B.Kynpusauos, JAH, 106, 5, 921 
1956). A.A. X a6aposa, Bonp. mopdou. peuentropos BHYTpeHHHX OpraHoB H cepJ.- 
peya. cuctempl, M.— JI., 1953. 
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Jlonrxagn Akanemun nayr CCCP 
1959. Tom 129, Ni 4 


rHAPOBHOJOrHS 
JI. H. MUEHHH 


A30T®UKCHPYIOWWE BAKTEPHM B FPYHTAX TIPABPE)KHBIX 
PAHOHOB UEPHOrO MOPA 


(I] pedcmaeneno axademuxom E. H. Tlaeaoscxum 22 V 1959) 


VccneqopaHua KosMueCTBeHHOrO pacnpelerenua OakTepuli u3 pogos Azote; 
bacter u Clostridium B UepHom mope MMeroT WeJIbIO OLEHKY MACCOBOCTH 93TH} 
OpraHu3MoB, HX aso0TdUKCHpylouleli AKTHBHOCTH H NOWyYeHHe NepBbIxX npescTar 
JleHuit O pasMepax asorduKcallun B UepHom mope, 4TO BXOAUT B OOLLY1O 3aay 
OW€HKH POJIH KOHKPeTHbIX OPraHH3MOB B OnOIOrMYeCKOH MpOAyKTHBHOCTH MC) 
pa (4). B 1955—1957 rr. 6piiu nowyyeHb! WaHHbie O OakTepuUAX B PpyHTaX Mp¥) 
6pexHOH nosocbl Kppima u Kapxasa. Si 

TIpo6nt rpyHToB Opin B3ATHI Ha 29 craHuuax. B uccneqopanuax MCnO 
30BaHbI mpo6n! ula c 4 rayOOKOBOAHbIX CTaHWuH, B3ATbIe B1946r. ®. MH. Kon 
nom. Kaan npo6a ceasiacb | un 0,1 Fr Ha reneBbie .nacTHHKH, MpONuTaHHbl 
cpeqoh Penoposa, cofeprxauleH 50% mopcKol Bomb; 1; 0,1, 0,01 wu tT. a. | 
rpyHta — B x*uAKyto cpexy Degoposa Ana Azotobacter u B cpexy Buc 
rpaackoro Ana Clostridium, cogepxxamtyio 50% mopcKkohw sogpt. Tlocesr 
codepKasiHcCb TIPpH KOMHAaTHOHM Temnepatype. Bu3yanbupie HaOmOLeHHuA pocT 
KOHTPOJIMPOBaJIMCb MUKpockonHpoBaHveM. Kosuyectso Azotobacter u Clostri 
dium onpeweasmocb mpu nomoutm tTa6mny (*) *. 

V3 W10B BbIZeJIeHO HECKOJIbKO JeCATKOB WiTamMMoB. Cpexu Azotobacter mpe 
o6anaiu wrammpl A. chroococcum, HO ObIIM Tak2Ke BbIAeJICHbI LITaMMbI, O1H3 
Kune k A. nigricans, A. agile, A. vinelandii u A. insigne. Cpegu Clostridiur 
mpeoOiaqaiu wramMpl Cl. Pasteurianum. Asorcbukcup yroulan CnocoOHOCcTb uCIIb 
TbIBAIaCb MAKPOMeTOOM Kpenbadaia. AHanv3upyemble WITAMMbI BbIpPallluBaJIHC 
B aTMOcdepe BO3Lyxa, OYNUWaemMoro OT MpumeceH cBA3aHHOrO asoTa. AHawH3) 
NOKa3a/iIW BapHaOe/IbHOCTh A3OTPUKCHPYIOWWeH AKTHBHOCTH GaKTepuii. Liramny 
Azotobacter Opin cnocoOub duKcupoBaTb Xo 10 mr N, wrammer Clostridiut 
no 5—6 mr N ua 1 r ratoxo3pi. 

KosuyecTBo a30TOOakTepa B MlaX 3aBHCeIO He CTOMbKO OT UX MeXaHH4ueE 
CKOrO COCTaBa, CKOJIbKO OT Apyrux daxktopos. B ?/; mpo6 uma u3 Kucopo] 
HOH 30HbI (Tab. | H 2), CXOMHBIX MO M€XAHHYeCKMM CBOlicTBaM HM OpaBLINxc 
HHOrfa B OJHOM pahoHe, KOMHYeCTBO a30TOOaKTepa B | Kr usa KOMeGaOCcb 
mpefenax or 1200 go 23800 un Gonee. B patione TenengoKuKa (tTa6. 2) “3. 
mpoO wia CepoBoAOpOaHou 30nbI c riyOnHb! OT 260 no 1000 M, 2 npoG6ni He Aan 
pocta a3oToOakTepa, YTO, BUAHMO, HE CBA3aHO Cc IrwyOMHOH, Tak Kak Oome 
riyOOkOBOZHbIe NpoObl wa Manu pocT asoToOaktepa. B patione Aut (rau. | 
M3 3 poO Wa, B3ATbIX B pasHoe BpeMsA, az0TOOaKTep OGHAPyXKeH TOK 
B OLHOH mpoOe. Orn dakTbl CBU AeTeMbCTBYIOT O MAKPO3OHAMbHOM pacnpe 
HemeHuu a3z0ToOakTepa B ulax. B kKaxOH OTJeubHOH npobe ua a30TObaKTE 
pacnpefeeH MHKposOHabHO. Clostridium Opin BerpeyeH Bo BCeXx nmpooa 
rpyHTa B KOJHYeCTBaX, NOYTH Besqe NpeBblwaiouux 23800. Ito moxHO 061 
ACHUTb, MO-BUHMOMY, TCM, YTO YCJIOBHA CyllecTBOBaHHA B wax JWIA aH: 
2poOubIX OakTepH Oosee OarONpHATHHI, YeEM JA adpoOoB, a BCAyYae Hi 


* IIp¥ onmpegzenenuu THTpoB 4 HHZeKcoB GakTepuli O6bem | Kr uaa NpHHuMaJica 3a 1 a, 
930 


Mecta B3sTHs TIpo- 
6bI 


Cepactonoub- 


cKaa Oyxta 
VI To xe 
N11 1956 | Patton Esnato- 
puu 
\II To xe 


Patton Ante 


Kepuenckutt 
MpOJMB y BBI- 
xofqa B Uep- 


Hoe mope 
VIII To xe 
VIII Pation Snrer 
VIII Pavion pica Ca- 

ppd 

)|VII 1957| Paton Sater 

)|VII Pafion mpica Ca- 

ppry 
VII To me 

) VII To xe 

| |VUI 1956) Paton Ananp 
Vill Patton Tony6on 

OyXTbI 
VIII Hosopoccuiickaa 
6yxta 
Vill Paton Hosopoc- 
cuncka 
BuewnHuh pera 
VIII Pafion Coun 
Vul Paton Cyxymu 
Vill Patou Ovuemun- 
, pe 
Vill Pation Batymu 


pavouos 


Ta6Oaunna 4 


MuecTBO a30TPHKC Mpyloulux GaktTepnli B MOBeEPXHOCTHbIX COAX TPYHTOB NpHOpexubIX 
Kppima uv Kapkasza 


25 = Yucno KNeTOK H MH- 
on 4 KPOKOJOHHH BI KT CbI- 
ahs = Kaaccu®ukauuouube aHHble pone ee 
ees Ir'pyHTOB 
ge si Azotebee | olostridiam 
> 5. te ter 
14) Un uepno-ceppiii >23800} >23800 
300* | 14) Uaucrpriit mecox cpenuet| +23800) >23800 
KPYMNHOCTH, UYepHO-Ko- 
pHuneBblit 
2,2|20,5| Un ¢ neckom nu 60/bWHM 23800} >23800 
KOJIMYECTBOM  H3M@JIb- 
YeHHOH pakylIKu 
12 \87 |Wn ranuncreii tTemHo-ce- 2300] >23800 
pb 
4 | 110) Wa rauuucteti c He6om-| < 960 23800 
IMM cOfepKaHHem pa- 
KYyUIKU 
4,9\17 |Wa temno-kopmunesnit c 2300} >23800 
IIpHMecbiO pakyllKu 
Zid ag) To xe 4200} >23800 
5 |88 |Win uepHo-ceppii c 6omb- < 960} >23800 
IUMM COfepKaHueM paky- 
INKY 
8 | 102 To xe < 960) >23800 
3,0} 100) Wn ravuncteii, uepHpli c >23800) >23800 
3amlaxOM cepoBofopora 
7,4) 130) Wa ravuucrsii, uepnpiit c < 960! >23800 
He3Ha4UHTeJIbHOH NMpvMe- 
CbiO pakylIKH H C 3ana- 
XOM cepoBosopoza 
11,6] 150) Wa ravuuctpmi, vepupm c < 960} >23800 
3amaxoM cepoBoyopoja 
14,5] 200 To «xe >23800} >23800 
4 30| Mn necuanpi c egnnuu-| < 960; >23800 
HbIMH COJIOMKaMH pakKo- 
BUH 
0,4) 24) Unctan pakyurKa < 960) >23800 
0,25; 10)Han uepupiit c Kopuunesni- 23800} >23800 
MM OTT€HKaMH 
4 |24,5) Un mecuan uCTEIIi TEMHO- 23800 23800 
KOPHUHeEBLIM Cc eHHHY- 
HbIMM OOJIOMKaMH = paKO- 
BHH 
4 30) Un uepuuit ravnucroiii 23800) >>238800 
0,25] 410) Tecox cpequui u kpynuptlic 23800) >23800 
rajibKOH H rpaBuem Cc He- 
OombuIMM cCcopzep»xaHveM 
HJIMCTbIX YaCTHIL TEMHBIX 
H UYePHBIX OTTCHKOB C 
TIPHMecbiO 3HauMTeJbHbIX 
KOJIMUeCCTB H3Me/IbUeCH- 
HOH pakylWIKu 
2,5| 25) Wn necuanpil, vepHo-cepplit 23800} >23800 
1,5] 80|/Un MmenkonecuanucThlt c 42000} >23800 


KOPHYHEBbIMM OTTCHKAMH 


* B qaHHOM calyyae yQaneHHOCTb oT 6epera MoKa3aHa B MeTpax, 
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Ta6Oauua 4 


Koamuectso a30TbuKcupywulnx OaKTepuii B une Ha pasMHUHBIX rMyOuHax B BOCTOUHOF |), 
yactH UepHoro Mops 


Ne Yaaneu- |r yy6n- 
cTaH- | HOCTb OT | ya, m KanaccuukauHouupie JaHHble TpyHTOB 


h |6 ; - | 
ne en sae Azoto bacter Clostridiu|p 


Paton TeneuyxuKa, HOH 1957 Pr. 


33 250 50 |MAan rauunctelli uepHbl c 3amaxom ce- 23800 > 238008 
poBoyopoya | 

34 3,0 70 To xe 2300 >2380CK 
385 3,0 260 ean 23800 > 2580Ch 
36 3,0 300 >»  » <960 >2380CK 
37 4,0 335 AD 19200 >2280C% 
38 4,5 338 yy <960 >2880( 
3 5,0 485 >»  » 2300 > 2380CK 
40 4,0 4000 Dt) 2300 >2380(f 

BocTtounas nonmoBuHa UepHoro Mops, HonO6ppb 1946 r.* 

41 90 2164 |Ma temuo-ceppii c MemKO3epHHcToH <960 >2380018. 
cTpyKTypou# wu 3amaxom cepoBogopora | 

42 95 2150 |Ma raunuctbit sepHpili c 3amaxoM BOJO- <960 > 238008 
ola ie 

43 82,5 2100 we TJIMHMCTBIM TEMHO-cepbIii C MeJIKO- <960 >23800)8 
3€PpHHCTOH CTpyKTypOH HM 3anaxoM i 

cepopogopona t 

44 55,5 1730 |Mn rauuucTEi uepHbili c 3amaxoM ce- 23800 > 23800 & 
poBogopoga i 


* TIpo6nl rpyHta oToOpannt ©. WM. Konnom. 


O6naronpusATHBIX yeoBuk Clostridium, o6pa3ya cnopbl, MO%KeT cOXpaHATb 3 
*KH3HECNOCOOHOM COCTOAHHHM Oobliee KOHYeCTBO Ocobeli, uem Azotobacte 

IIpHuHHoH MakpO- HW MHKPO30HAJIbHOCTH B pacnpedemeHHu reTepoTpodos ih 
MOpe cu¥HTaeTCA OYAarOBOe pacnpeseneHvue AOCTYNHOTO OpraHHyeckoro BelLih 
crBa (*). Bnpu6pexupix paiionax UepHoro MOps spKo BbIpaxkeHHan Ce30HHOC} 
UHCJICHHOCTH HM OnOMaccbl (PUTOMMAHKTOHa OOycNOBMMBaeT KONeEOAHHA KON 
YeCTBa NMTATeIbHbIX BelleCTB B BOAHOHM Tosule (*), a TaK%Ke, BeEPOATHO, HI 
MOBEPXHOCTHBIX CJIOAX HJIOB, YTO MOXKET BbISBATb KOJIEOAHHA YHCJICHHOCTH a3Ol 
(UKCaTOPOB BO BpeMeHH, OCOOeEHHO B MeCTaX, re HET OHHOM pacTuTembHOCT' 

Eospactanue c rilyOuHOH KOHWeHTpalinu H,S B umax He OKa3bIBaeT GOovIbILI 
ro BlMAHHe Ha KOuIMYecTBO Azotobacter u Clostridium (ta6n. 2). B cepoBs 
MOpOAHOH 30HE as0TOOaKTep OOHapyKuBaica Ha riyOuHax 260, 335, 4854 
1000 M B KoMYeCcTBaX TeX %Ke NOPAXKOB, KaK H B MIaX KUCNOPOLHOL 30HI} 
KOTOpbie Toxe HMevIM 3anax H,S. W3 4 npo6 una, oro6pannpx O. VW. Konnec 
c OonbiMx raiyOHH HM COXpaHABUIMXcA Govee 10 mer nox cnoem mpuzo: 
HOH BOJbl C CHJIbHbIM 3anaxomM H,S, ofHa npo6a coxepxana B | xr wl! 
23800 KleTOK H MHKPOKOJIOHHH as0TOOakTepa, JaBWero OOUbHbIL poct (TaGa. 2| 
Bce 4 npoOpi cofxepxkain Gonee 23800 enuHun Clostridium. Ouesuguo H.S | 
WlaX He JleicTByeT ryOuTebHO Ha asoTOOaKTep. B 2xuAKOM cpeze Dexopor 
6e3 ula, HO cofepxKameh H.S B KOHMeHTpalluu, MpumepHo B 10 pas npeBbuak 
meh MaKCHMaJIbHY!0 €fO KOHIe€HTpaliMlo B Bowe UepHoro mops, asoTobaxte| 
BbIJeJIeCHHbIN H3 CEPOBOMOPOAHOH 30HbI, He PaSBMBaJICA B TeYeHHe Mecalla Oop 
30°, OMHakO B adPOOHLIX YCJIOBHAX BOSOOHOBIA POCT M MepeceBasicn Ha CBi 
*KHE cpespl. | 

Mopckue nab, POPMUPYIOWMecA B 3HAYHTeMbHOM cTeneHH 3a cUeT Mep’ 
BbIX pacTeHui (OcoOOcHHO B MpHOpexKHOH nomoce), comepxKaT JoctynHpli Gal 
TepHAM yruiepoq M MaJiO MocTynHOrOo a30Ta, TaK KaK NOCcTeRHH MOK 


932 


peXOMMTh U3 PacTeHHi B pacTBop elle B NepHOM UX CTapeHUA u OTMMpaHnA 
jj. BeneqcrBue sToro B wsaX MOKeT OLLyulaTbes edu JocTynHoro 
Ta. Kowio“db! (KOTOpbIMH HJbI OoraTbl) craMysMpyloT poct, noTpe61eHHe 
cpukcattu1io N asoro6axtepom (11). Ussecruo, uro MomuOJeH vu ecrectReH- 
paqvoakTuBHble semeHTHI (U, Jo, Ra) konlentpupytorca B Mope B Han- 


sa 
Fs 


--Hosopoccuicr 
rel ui 
: pecans 


354 


3944),434 
As 7; 


Puce. 1. Pacnomomenne cTanluii 


€ KOHKpellMH, HW, OCO6eHHO, 3a CYeT OMOreHHOFO U3B/IeYeCHHA H3 BOJBI 
| 3, 7°). Ilog telicrBuemM a-u31y4YeHH 4aCTb MOJIeKys BOXbI pagsaraeTca c 
)pasoBaHueM pajflMoreHHOoro Oz, KOTOPbIH MOXKeT UCNOMb3OBaTbCA OaKTe- 
1 era) 

vomu (*, °, °°). 

_ Maccozpoe o6HapyxkeHHe aKTMBHOrO a30TOOakTepa M KJIOCTPpHAMA B Max 


id B WlaX YNOMAHYTHIX (PaKTOPOB e/alOT BECbMa BEPOATHHIM MpelnooOKeHue 


X pa3BuTuu uw duKkcaunn N B stTHXx ycoBuAX. He ucks0"eHa TaK2%Ke BOSMOXK- 
DCTh HepecTpoOHku a30TOOaKTepOM THMa AbIXaHHA, NOMOOGHO AporxkrxKam (8). 


| Baarofaps OvoreHHomy u3Bue4eHHIO, pacnpesesieHue B unax Mo, U, Jou Ra 
bxKeT ObITb HEPAaBHOMEPHEIM (*) HM MOXKET BIHATb HA MAKPO- HM MHKPO30HAJIbHOCTb 


icipeqeleHuA asoToOaKTepa. 
| ABTOp BbIpaxKaeT MpH3HaTebHOCTb u.-kopp. AH YCCP npod. B. A. Bo- 
jHuukomy u npod. A. T. Pogunolt 3a nomollb B padore. 


CepacTonouipckad OMoorMyecKad CTaHWMA Tlocrynnio 
um. A. ©. KosanescKkoro 14 V 1959 
Akajlemuu HaykK CCCP 


LMTHMPOBAHHAA JIMTEPATYPA 


1 1B.U.Bepuagacku it, W3s. AH CCCP, cep. 6uon., 1 (1937), * A.P. Vinogra- 
Dv, The Elementary Chemical Composition of Marine Organisms, New Haven., 1953. 
.1.Buxorpagzos, Teoxumua pegqkux H pacceAHHbIX XHMHYCCKHX SJICEMEHTOR B TOUBAaX, 
, 1957. +B. A. Bonaneckui, Tp. Cesacron. Ono. cranunu, 8, 347 (1954). 
c.M. Tpaues, A. E.Pa3ymoBsu gp., Metognl xumuseckoro u 6akTepnomornueckoro 
anusa BOUIN Op on =o vlew b= rived TreiekK 0, 30D TPs es) Vu Wile 19ol, erp. 200: 
A. E. Kpuce, E. A. Pykuua, B. HW. Bapio30Ba, Muxpo6uonorua, 20, 3, 256 
951). 8 M. H. Metticeab, DyHKUHOHaIbHad MopoulorHA ApOAOKEBLIX OPTaHH3MoB. 
—J]., 1950. 9% H. B. Mopo3s0Ba-BoyzanH uu KAA, Tp. CeBacron. Ovo. cTaHuHu 
HmeCeP,. 9, 3 (1957). EAC  Iapceu, 1K. Oeup, pepuan reonorun, VWI, 1956, 
p. 104. *%J.Macura, L. Pavel, Folia Microbiologica, 4 (1959). @ C. A. Baxc- 
au, Tymyc, M., 1937. 
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Jlokxnanm Akagemun nayk CCCP 
1959. Tom 129, Ns 4 


tO. B. KYAPAUIOB u B. A. JIOMCAJI3E 


HCCJIEROBAHHSA ABTOJINM3A B MEYEHHM KPbIC | 
MPH JIKCNEPHMEHTAJIbBHO BbISBAHHOM, JIY4“EBOM NOPA)KEHH} 
(I]pedcmaeaexo axademuxom H. H. ll maaveaysenom 27 VI 1959) 


B nociequne roxbl coTpyquukamu sa6opatopuu Bb. H. Tapycosa (') 651 
oOOHapy2KeHO, UTO B OpraHaX M TKAHAX 2%KHBOTHbIX, NOABEPrHyTbIX HOHH3HPYt 
Iemy OG YYeHHIO, NOABJIAIOTCA BeleCTBA (NOJYYHBIUIMe Ha3BaHHe «reMOJIMTH 
ckKHH (bakTOp»), OKa3biBalOllNe paspyliatoulee AeHcTBHe Ha SPHTPOLMTHI u Jp 
THe KJI€ETKH XKHBbIX OpraHu3MoB. Hexotoppie aBtoppl (7, *) Bbicka3au mpd 
MOJIO%KeHHE, YTO M€XAHH3M NOABJIEHHA TeMOJHTHYeCKOrO (akTOpa CBA3aH. 
YCHJIGHHEM ABTOJINTHUeCKUX NpOleccOB B OpraHaX OO/YYeHHbIX XXHBOTHHIX! 
pe3ybTaTe HHTCHCHBHOTO pacnafla TKaHelH. wane | 

B paguoOuonornyeckoH sluTepaType HMeeTCAH MHOTO JaHHbIX, CBHJeETeb« 
BYIOWWHX OO H3MCHEHHH aBTO/IM3a in vitro B pa3/IMYHbIX OPraHax HW TKaHAX & 
BOTHbIX, NOABeprluxcA JeHcTBHIO HOHH3HPylOllero u3yYeHHA. OAHU aBTO 
(*, °) cunTatoT, 4YTO B TKAHAX OOJYYeHHbIX XXMBOTHbIX MPOHCXOAMT ycuseHy 
aBToulu3a, Apyrue — yruetennve (°, ’), HeKOTOpbie Ke OTMeYAaIOT Kak yrHeTeH#S 
TaK HW YCHJI@CHHe aBTOJMTHYeCKHX Mpoueccos (%). 

Pa3HOpeuMBOCTb TaKHX BbIBOJOB OObACHACTCA TEM, UTO IPH CpaBHeHHH TF 
JIYYCHHbIX ABTOPaMH JlaHHbIX HeOOXOAMMO YUUTLIBATh He TOJbKO cneunduy 
OOJIYYeHHA (BEJIMUMHA HW MOLLHOCTb 2O3bi), HO W Apyrue ycoBusa, Bausaroune } 
XapakTep OTBeETHOH peakllMu Ha OOy4eHHe (BpeMA, NpolWewee nocie o61y44 
HHsl, BO3pacT, Bec, NO, PH3HOOrHYecKOe cocTOAHHe OpraHH3MoB). Kpo} 
TOTO, OWEHKA NMPOWeCCOB ABTOJIM3a Pa3JIMYHbIMH AaBTOPAMU MPOM3BOAUMACh pa 
HbIMH cnoco6amn. 4 

B aHHOH paOoTe MHT€HCHBHOCTb aBTOJIM3a OLleHHBalacb MO KOWIMUeCTH 
HaKONJI€HHA a30TA CBOOOAHbIX AMMHOKHCJIOT B rOMOreHaTe TKAHU, HHKYyOUpyl 
MoH mpu 37°. | 

B kayecTBe ncclelyeMOH TKaHN Obiia BLIOpaHa MeyeHb — TKAaHb, B KOTOPpEl 
HanOovlee HHTCHCHBHO HaKallJIMBaloTCA reMOM3HHbI (*). B akcnepHMeHTaXx Obk 
UCNO/b30BaHb! OeJIble KPbiCbI-CaMUbl BO3pacta 3—4 mec. (Bec Tela %XUBOTHE! 
KoleOavica B Npefanax YV—150 r), cofep2xkaBuimeca B ycOBHAX yxOJa u TI 
TaHHA slaOopaTopHoro BHBapuA. Bcero B 9KcnepHMeHTaXx OblwIO HCnOMb30Bal 
Oomee 600 Kppic. d 

Kppicbi nodBeprasucb OOWleMy OAHOKpaTHOMY ramMMa-oOsy4eHHto Ha KOOasD 
TOBOH yctaHopKe TYB9-800. )Kuporunix o6yyann o3samu 200, 600, 500 
10 000 u 15000 r, BpisbrBatouMMy pa3sHble PopMbl y4eBoH GonesHH. Tak, O67 
yeHne oso 200 r He BbisbIBaeT rHOeM KPbIC B TeYeHHe AMTebHOTO BpPemes 
(puc. 1 a); npu ose 600 r B TeyeHue Mecaua rHOHeT 58% OGnyUeHHbIX KDI 
(puc. 1 6); oO yyeHve Ao3amu 5000, 10000 u 15-000 r BuisniBaeT Tak Ha3biBa 
mbili (°) 3,5-QHeBHbIM acbcext ruGenu (puc. | 2). B onnir or6upanucbh %KHBOTHI 
B pa3Hbie NepvOb noce oOyueHuA. 

TloqonbirHbix 2KHBOTHBIX 3a0uBaIM pH NOMOWM Jekanuraunn, OLICTpO H 
Beka MeveHb WM U3Me/bYUaIM MPH OX/aKJeCHHU B 3eCKTPHYeCKOM roMmoreHi 
3aTOpe B YeTbIPEXKPaTHOM OObEMEe AUCTHUPOBaHHOH Bomb. Toswyyenupili 7 
MOreHaT HCCIeMOBaJIM Cpa3sy Mocie OOy4yeHHA (OObl4HO He Golee eM Yep. 
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MAH. NOcyie H3BJIeYeHHA TKAHN) HM cnycTs 30 mMunyt, |, 2, 3, 4, 7 uacop (a B 
KOTOPHIX OMbiITax u 10 yac.) nocme nomMelleHNA TOMOreHaTa B TepMOcTAaT TPH 
. KonTpouiem Beerfa C1y2KHIM Te Xe MpOOb!, HO B3ATHIC OT 3LOPOBbIX, HeEOO- 
IW@HHbIX KPBIC. | » © 

| Ha onpeenenus as0Ta aMMHOKNCOT OTOUpamu 2,5 Ma Hccueyemoro ro- 
jreHaTa u RoOaBasanu kK 100 Ma QucTHNMpOBaHHOK BOAbI, 3aTem K | ma pas- 
eneHHOrO romoreHata mpvinuBain 1 ma 10% pactBopa TpuxjopyKcycHort 


r 
COTbI. 


| Tpo6p wentpudyrnposwasn B Teyvenve 10 Mux. npn 3000 06/muH nu nony4eH- 
We LleHTpHdyraThi HccIeLOBaJIN Ha COJepKaHne a30Ta CBOOOMHLIX AMHHOKUCJIOT 
O20M, Mpeliox%KeHHbiIM KoxkuHrom u )Kemmom (14). CoramacHo sTomy 
Oy AIA OMpefeneHuA a3z0Ta K ¢ 
MI WentTpudyrata ° npwinBan © 
mi 0,2 M wurpatuoro 6ydepa ae 
> 
5), 0,2 Ma. HHHrHApHHa B MeTHI- 
WINOs01bBe U 1 Ma pacTBopa KCN 
| MeTHJIMem03801bBe. Pactzoppi 
lAT@JIbHO BCTPAXHBAJIM H MOMellla- 
|B KuNALLyIO BOAAHyIO OaHio Ha 
MHH., 3aTeM cOJep2xKuMoe mpo- 
POK OKpalUMBaslocb HHHTMAPHHOM. 
mele KHNAYEHUA NpOObI OxaxK Lalu 
XOJIOAHOH Boe B TeYeHHe DO MHH. H Gay Wl SIE. 0 
| pallientbie mpoObl coxpaHsAJMcb Epema nocne obnyyeHur 
bu KOMHaTHOH TemnepaType He Puc. 1. 3apnenMoctb rHOeH KpbIC OT 403 H 
mee 2 uac, O6piuHO KonOpumerpu- PRMD) ple dig ay a— Hoss te 
j F yueHHa 0) ir 
meee mpoO mpou3sBoquu BcCKOpe 4 _ nosbt o6yyenna 5000, 10000 u 15000r 
focuie UX NMpHroTOBJeHUA. 
| Tlepeyq konopumeTpHpoBaHveM K Kako mpo6e JoOaBaanu 3 ma 60% 9Tu- 
PBOrO CHUPTa H TWaTebHO NepememMBasu. Tlocne mpuOaBmeHua 9 3THIOBOTO 
jupra OKpacKa B TpoOaxX MOKeT COXPaHATb CBOIO YCTOHYMBOCTb B TeYeHHe 
yaca. | 
| KoopumerpupoBanve mpousBokusu Ha coTosmeKTpoKoopumetpe PIK-52 
| ieenes (1 cm) npu 2»xenTtom cBetodubtpe (Ne 6). 
| 


Cmepmuocms 


i) Hccnefyempie npoOb! KOMOpHMeTPHPOBasIM Ha C(POHE KOHTPOVJIbHbIX («CJIEMbIX») 
00, COep2KaBLUUX TO Ke KOJIMYECTBO PeaKTHBOB,YTO H MCCIeAYeMble,3a UCKJIIO- 
Hem WeHTpudyrata, BMecto | ma KoToporo joOaBIAM 1 Ma WuTpaTHoro 
wepa (pH 5). 

| MHTeHCHBHOCTb aBTOJIHTHYeCKOH peakWHH BbIpamKaslacb B eJMHNWAX OMTH- 
IckoH nuotHoctu (D) pactBopa B npo6ax. Bo3pacraHne nocseqHeH nponopino- 
WIbHO YB@JIMYeHHIO COJepKaHHA a30TA CBOOOMHLIX AMHHOKHCIOT B Mmpooax. 
| 1 r HeaBTOMHM3HPOBaHHOH TKaHH NeyeHH 3M0POBbIX %KHBOTHbIX COMepXKUTCA 
Hcpenuem 76 mr% amMuHOa30TA, YTO COOTBETCTBYeT ONTHYECKOH NIOTHOCTH pac- 
Hopa, paBHol 0,38. 

| M3 puc. 2 BugHO, UTO B roMoreHaTax NeyeHH OOJYYeHHIX H HeOOyYeHHHIX 
WIBOTHbIX MPONCXOAMT HeNpepbiIBHbIM, BCe YCHJIMBaIOWIMHCA BO BpeMeHM Mpo- 
ce anromusa in vitro. B nawnx omprrax HHKOra He HaOOAasica PakT uepe- 
PBAHMA YCHJIEHHA HW TOPMOMKeHHA ABTOJIMTHYeCKOM peaKUMH B OHOK mpoce, 
NPOTHBONOMO*KHOcTh AanHpim Angspromeuxkunot u Hukosaesol (7°), uccae- 
PBABILUMX PeaKUMIO aBTOMH3a NeyeHM sOJeH, norMOwux OT TpaBMbI. CpaBun- 
ht WHTeHCHBHOCTh aBTOJMTHYeCKUX peaklul, mpoTeKatoujux B romMoreHaTax 
huenn OGJIYYeHHbIX HM HeOOJIyYeHHbIX 2KHBOTHBIX (puc. 2), MO%KHO NpHHTH K 
‘BOY, YTO B NeyeHH OOMyYeHHbIX KPbIC, B SABHCHMOCTH OT BpeMeHH Nocwe 
ibIYYeCHHA, MPOWCXOAMT Kak yCHJIeHMe aBTOIM3a, TAK HK TOPMOKeHHE ero TO 
WABHEHHIO C KOHTpOseM. Tak, npu Josax 200 u 600 r TombKO HIWb B paHHnli 
Ppuo, JyyeBoro NoOparKeHuA OOHAPyXKHBaeTCA He3HAYUTEbHOe TOPMOXKEeHHEe 
TOJIM3a; B JlaJlbHelilllem, C pasBHTHeM NopaxkenuA, HaOOMaeTcA OTYETANBOe 
‘UJICHHE ABTOJIMTHYCCKOH peakWMH, MAaKCHMYM KOTOPOH OTMeYaeTCH MpH ose 
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| 
, 
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200 r wa 5—10 cyrku, a mpu gose 600 r—na 8—I3 cyTkH (puc. 2} 
[pu a6comotHo sierambHpix fo3sax (5000, 10000 u 15000 Tr), BbI3bIBarOLIF | 
3,5-MHeBHbIt apdpext ruOeru (puc. |), MpoMcXOAMT peskoe yCHJICHHE aBTOJIM:)) 
yxe cnycra 1'/, yaca nocue O6yYeHHA XKUBOTHBIX H OTYCTJIHBOC TOPMOKeH)» 
B MOCIeLyIOllMe MepHOAbI MOpaxKeHHA BMVIOTh AO cTafMu, MmpeWecrTB youl |p 
ruOeiH opraHu3moB (puc. 2). 


(50 


GO & 2 8 4 § 6 FP Exec 


Puc. 2. M3Menenve MHTeHCHBHOCTH aBTOM3a MeYeHH y Kpbic, oOny- 
SeHHBIX TaMMa-syYaMH, a— yo3a 200 r, 6 —no3a 600 r, e— go- 
ga 9000 r, e— go3a 10000 r,d — no3a 15000 r 


13 u3102%eHHOrO cilefyeT, YTO XapakTep H CTeNeHb H3MeHeHHM Mporeccd 
aBTOJIM3a 3A4KOHOMEPHO MeHAeCTCA B 3ABHCHMOCTH OT BeJIMUMHbI LO3bI H BpeMi 
HH ocle oOOy4eHHs. ) 


Tloctynusio- 
26 VI 1959 


UWMTHMPOBAHHAA JIMTEPATYPA 


1 TleppuyHble Mpoueccel Ay4eBoro Nopaxkenua. COopn. nox peg. B. H. Tapycosa, M., 198) 
27B.H Benesponenckuh, Tamxe °10.56.K yapawmos, Tam xe. B. T] 
KapcKkaa, IJlucceprauna, JI., 1958. ® B.M. Ppaesecxas, Bonp. pagnoouon., | 
114 (1957) ®C.E.Manottiaos, B. M. Tpaespexkaa, K.b. Wumanorncxkal 
Bectu. pestrenon uv pagnon., 6, 43 (1955). *T.A.®enoposa, Men. paanon., 4, 2, 

(1959), 8 P.A.DTacyas, A.H.Toaakosa, Kypu. axcn. Guo. uv Meg, 2, 29, 4 
(1929). ®B.Paespexkui, Bonp. paguo6uonornn, JI, 1956. MA B.AHApwme! 
KuHa, JI.T.Hukoaaera, Bonn. 9Kcn. Ovo. uw Meg., 3, 50 (1953). ME.C.Cor 
king, E. W.Jemm, Biochem. J., 58, 1 (1954). 
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Hoxnage Akagemun nayx CCCP 
1959. Tom 129, Ne 4 


BHOPH3HKA 


A. A. MAHWHA 


"MOP ®OJIOTHYECKHE H3MEHEHHA HEPBHOHM CHCTEMbI BEJIbIX 
_ KPbIC TPH OBJIYYEHHH PAXHOAKTHBHBIM ®OCPOPOM P*? 


(ITpedcmaeaeno axademuxom H. H. Axuakoseim 10 VII 1959) 


| B HacTosillee BPeEMA MMeeTCA SHAYMTEIbHOe YNCO MOpdosorMyeckux H (pu- 
OJIOrHYCCKHX HCCeLOBAHHH O BJIMAHMM PeCHTTeCHOBCKHX Jyyelt Ha pa3suy- 
€ OTAesIbI HEpBHOH cucTempr (1~%), xoTA B MTepaType MpHBeeHbI JOBOJIbHO 
DOTHBOPeYMBbIe JaHHble O NOBPerxKAalouleM eHCTBUM Ha Hee JIyYHCTOH 39Hep- 
HW. O BJIMAHHM Ha. HeEPBHY!O CMCTeMy PaJMOaKTHBHbIX M3O0TONOB, BBEJICHHbIX 
(OPraHu3M 2KMBOTHOTO, HSBECTHDI JIMUIb eAMHMUHDIC padotn (*4~°). B Hactos- 
HEM MCCJI€MOBaHHH MOcTaBeHa 3afaya H3yYHTb NaTOMOpdosorMyueckHe H3Me- 
SHUA H PeaKTMBHble MpOLMecchl B Pa3sJIMUHbIX OTJeMaX HEPBHOM CHCTeMbI pH 
HyTpeHHeM oOOyyeHHH OpraHH3Ma PpafMOaKkTHBHbIM docdopom P*?, 
MceneqoBaHue mpoBeyeHO Ha SMOpMOHaX, HOBOpOXKeHHbIX, 5-, 10-qHeB- 
»IX, B3POCJIbIX H OepeMeHHbIX OembIX Kpbicax. Bcero B paOoTe HcnOIb30BaHO 
) 2KHBOTHBIX (O6e3 3apofpuel). PacrBop paguoaKTuBHoro docdopa B Buse 
yxXocPoOpHOKUCIOrO HaTPHA BBOAMJICA NOAKOXKHO B Pa3JIMYHbIX O3ax MA 
‘wxKOH cepun onbita oT 3 fo 15 wCu Ha rpamm Beca »xnBoTuHoro. IlocenHue 
MOHBaIMCcb MyTeM eKkanutTalwuu. Matepvan ukcHpoBaJICA B pa3JIMYHbIe Cpo- 
ot | yo 20 cyTok nocse BBegenua u30TONa. MccneqoBaHbl TOJIOBHOM, CMHH- 
pH MO3r WM MexKnO3BOHOUHbIe raHrwuu. I[pumMenenbl HeMporucTosornyueckuHe, 
HcTOXMMMYecKHe HM OObIUHbIe FHCTOJOrH4YeCKue MeTOJbI MCCeLOBAaHHA. 

B uerpipex cepHAX 9KCMepHMeHTOB y 32 B3POCIbIX KpbIC, OOyYeHHEIX P”? 
‘Mosax 3; 5; 7 u 10 uCu/r, B TeyeHue 10 Hel 3aMeTHbIX U3MeCHEHHH B TOJIOB- 
JOM H CIIMHHOM Mosre He OOHapyxXeHo. ToulbkKO B OAHOH cepHu, B -KOTOPOH 2kH- 
THBIM ObIIO BBeJeHO 15 wCu/r, OTMeYeHLI HEKOTOPbI€ PeaKTHBHbIe ABJICHHA 
| sHauuTeMbHOM KOmMYecTBe KeTOK IlypkuHbe MO3>%KeuKa UH KOpbI OOJIbIUMX 
lomyulapu. Oru W3MeCHeEHHA BbIpaxkaloTCAH B YTOMUCHHH MeMOpaHbl sep x 
TMOXKEHUH Ha Hel yBeMYeHHOFO KOMMYeCTBa Oa30*PUJIbHbIX BellecTB (puc. | a). 
B rojioBHOM MH CNMHHOM Mo3re GepeMeHHbIX KPbIC, OOy4eHHBIX P* B fo3ax 
(0 wCu/r, o6HapyxeHbl Oouee 3HaUHTeIbHbIC U3MeHeHHA. Y wacTH KPBIC OT- 
eJIbHbIC PPyMMbl MMPaMHAHIX K/eTOK OOMbUIMX NOMyWapHH UMeIOT TAKepIE 
lekpOOMOTHYeCKHe H3MCHEHHA; TPaHHbl HX HeYeTKHe MH HeMpaBHJIbHble, BUAHA 
lerKad MepHlleOIApHad MHKpycrauud, a AXpa runepxpomaruynpl. Iloq00- 
ible FPyMMbl H3MCHCHHbIX HePBHbIX KJICTOK BCTpeyaloTca Yale HM B OObIeM 
jonmuecTBe B MOsroBoM cTBOvIe. Mecramn 3fecb OTMeYaeTCA PaciMaBJIeHHe KJIe- 
OUHBIX Tel, C Pe3KAM THMepXpoMaTO30M Apa. Taxesbie HeEKpOOMOTHYeCKHe 
OpaxKeHHA HeEPBHbIX KJIETOK B YaCTH Cy4aeB HaOMOMaIMCb B KJIeETKaX Me3EH- 
ecbamuueckoro Kopellika TpoiHuuHOorO HepBa. Takuve %e nopaxKeHusA Opin B 
eOombwioH uactH KueroK IlypkuHbe mo3xKeuKa. IlocneqHne pacnomaramucb 
SJIOM C COBEPUIEHHO HOPMaJIbHBIMM KJIeTKaMM STOO cOH. HaOtofjaemple TA- 
eble MOpaxKeHHA HEPBHbIX KJeTOK OOHAPYXKeHbI JIMIb y YacCTH OepeMeHHbIX 
Pbic, B TO BpeMA Kak y Apyrux Nonafaucb JIMUb CAMHHYHbIe CMOPUIeCHHbIe 
€PBHbIe KJIeTKH C MHTCHCMBHO KpacaliMMca Afpom. bowsee yacto BcTpeyasHcb 
Ppylnbl HepOHOB C H3O0bITOUHbIM OOPasOBaHHeM HUCCHeBCKOrO BelllecTBa WIM 
rO orpyOeHHeM, IPM COXpaHHBILeMCA CBETJIOM Ape, a HHOra HMeWOCb yTOMJI- 
leHue siepHoli MemOpaupi. Y GepemeHHbIX Kpbic, OGyYeHHEIX 3; 5 u 7 wCu/r, 
TH U3MCHCHHA B HeEPBHOM CHCTeMe OTCYTCTBOBAJIN. 
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Y MOJIONbIX, PacTyIUX KPbICAT, HaXOJMBIUMXCA B OMIbITE C 10- no 20-qHEe} 
Horo Bospacta Hu OOmyueHHHIx P* B yose 10 pCu/r, yepes cyTKH Moce BE} 
JleHHA UZOTONA HaGsmOMawTcA pas/IMUHbIe cTafMu MereHepalluu KeTOK EF} 
pyXHOrO sepHucToro co0a MosxKeuKa (puc. 3 a). IIpu oKpacKe no Déenpre e 
XPOMATHBHAA CyOcTAHUMA pactaaloulMXCH KeTOK LaeT MOJOAKUTEIbHYt1O peal 
unio. XapakTepHO, 4TO KJI€TKH BHYTPeHHerO S3ePHHCTOFO COA OCTAIOTCA HO 
MaJIbHbIMH, KaK H Y KOHTPOJIbHBIX 2KHBOTHBIX. Uepes 2 cyTOK MocuJe BBe}} 
HHA H30TOMA JereHepaTHBHbIe ABJICHHA B COXPAHMBUIMXCA KJIeTKaX HapyKHOF 
3€PHUCTOFO CJIOA Mao 3aMeTHI. B mocwiefyrolme HHH B OTICJIbHBIX yUaCTKE 
6onbWuX NOyWapnl u B ALPaX CTBOJOBON YaCTH BCTPevaloTcA JIMUIb PpyM} 
UJI OLMHOUHEIE HEPBHbIe KJIeTKH C HCKOTOPbIM YTOJILMeHHeM AepHOH Mew 


Puc. 4. Maxpcdotorpamma. Sapompmu 17 (a) u 19 (6) aHeH 
pasBuTHa; CO6pasoBnaHMe MOSroEbIX rpboK. M3oTon BBefeH Kpbice 
Ha 10 yeHb OepeMeHHOCTH 


PaHbI M OOMbIUHMM WIM MeHbIIHM XPOMATOJIM30M, C MOBbILMeHHOH OKPacKOH Coxp. 
HMBIUJerocx HHCCIEBCKOTO BellecTBa. 

Y HOBOPOXKJeCHHBIX KPBICAT, OOJYYCHHBIX PalMOaKTHBHBIM ocdopom | 
1 uw 5 feb nocue poxyenusa B Mo3ax 10 u 15 wCu/r, o6HapyxeHO pesKoe Mm 
Bpexlatonlee Jelicraue P* Ha HepBHy!o cucTemy. Y BceX KpPbICAT uMeeTcA pag 
JIMUHO BbIPaxKeHHanA TuApouedanua. MHorga ona ocTruraer Tako CHJIbHG 
CTeHeHH, UYTO COMPOBO*KAaeTCA YACTHUHbIM HIM TOJHbIM PacllaBseHHeM MO: 
*Keuka. B nocseqHeM Ha MPOTH*KeHHH BCeroO HapyXKHOTO 3ePHUCTOFO CJC 
HaOOAaeTcA pacha KJIeTOK-3epeH, a elle COXPaHMBIIMeCH SJIEMCHTHI HMeK! 
peskO BbIPayKeHHble MHKHOTHUHBIe spa. MectamMH B Hapy3KHOM 3ePHUCTO 
CJIO€ KJIETKH OTCYTCTBYIOT, MPHYCM HX He BHJHO TaKKe B MOJICKYJAPHOM COG 
KaK 3TO OOBIUHO ObIBaeT B STH CPOKH, MPH NepeABHAXeHHH BO BHYTPeHHHH 3e} 
HUCTHIH coH. B Hapy2XHOM 3€PHHCTOM CJIOe MO32%KeUKA HMeIOTCA HW HeEM3MeHeH 
Hble KJIETKU-3epHa, OJHaKO KOJIMYeCTEO HX HeBelHKO. KaerKH BHYTpeHHelt 
3ePHHCTOTO COA O€3 BHAHMBIX H3MeCHeCHWH, HO KOJIMUeCTBO HX 3aMeTHO MeHIE 
mle, YM Y KOHTPOJIbHbIX KPbICAT TOTO 2%e BO3pacta. IloqaBnsroulee GoNbIUNH 
cTBo KleTOK IlypkuHbe Tonorpaduyecknh HOPMaJIbHO pacnomoxeHE! Hu 6e3 cy 
IECTBCHHbIX OTKJIOHEHHM OT HOPMbI; y YacTH HX MeMOpaHa spa yToullena 
MHOTla OTMEYAIOTCA CKaNKM WIM TepeTsxXKU spa. B MosroBoM cTBOue pyr} 
Ib HEAPOHOB MOTOPHBIX AJep C ACHbIMH MPH3HakaMH HeKpOOMOTHYeCKUX U3ME 
HeHHH. Apa TakHX KJIETOK MMKHOTHUHI WM PHMepXPOMAaTHYHE!, a B WnTOMAt 
Me OTMe¥aeTCA PaSMeJIbYCHHe MH HCYCSHOBEHHE HHCCJIEBCKUX TpaHys, HHOT 
MpokpalluMBaHne JeHAPHTOB Ha CoubINOM NpoTsxKeHuH. B OombwMx nomyutel 
pHAx MO3ra Ha OHe MAaCCbI HEM3MCHEHHBIX HePBHBIX KJIeETOK BCTPeualoTC 
JIMIUb CHHHHUHbIe PaCCeAHHBIe BJIEMCHTHI C TAXKEbIMH HEKPOOMOTHYeCKHMN HE 
MeH€HHAMH. 

Y sapoypilel, o61yyenHpix Ha 10, 19 u 20 qeHb sMOpnorenesa, nopaxkeHu 
HeEPBHOH CHCTeMbI OblIO BbIPa%KeHO Pa3MUHO B 3aBHCMMOCTH OT NO3bI paluoak 
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>. 1. MuxpodotorpamMa MO32KeuKa B3poc- 


Puc. 2. MuxpodbotorpamMMa Mo3xKeuKa 5-fHeEB- 
4 Kpbicbl, 8 cyTOK mocne BBemenua P%. Yze- Horo KpbiceHka. M30ron spefeH Kpbice Ha 
“eHHe Oe30@HIbHOrO BelllecTBa Ha MeMOPa- 20 meHb GepemeHHoctu. Muto3bt B HapyxXHOM 
amep xksetok IlypKuube. Huccab. 620 (/) 3epauctom cmoe (2—BHYyTpeHHHH 3epHu- 
cTbIH con). Hucemb. 450 


Puc. 3. Muxpodotorpamma mo3xKeukKa. @ — 10-qHeBHBIM KpbICeHOK, 24 4aca Moce BBCACHHA M30- 

Tuna: AcrenepauuaA KMeTOK HapyKHOrO 3epHHcToro Caos (/) (2 — KneTKH IypkKuube, 3 — BHYT- 

|| pennua 3epaucteili cnoi); Hucenb; veer. 620 x :6 — 5-qHeBHbI KpbICeHOK, 5 CyTOK Nocvle BBeLe- 

| HHA M30TONA (H30TON BBeeH Kpbice Ha 20 Jeb GepeMeHHOCTH); OTCYTCTBHe 3€pHHCTbIX CJIOCB H HE- 
OObiuHOe pacnonomKenie K.1eTOK Ilypkuube; mHpoHHH. 320 X 
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MBHOTO uM30TONAa, BBeeHHOrO OepemeHHOH Kppice. lpn o6myyeHuu Kppichl 10 
1 15 wCu/r Ha 10 JeHb OepeMeHHOCTH 9MOPHOHBI nornuOau, a Jo3p1 BS u 7 
wCu/r BHISbIBAJIM THOeIb TOKO YacTH 3apOMpilllel H OTCTABAHHE B BECe OCTAaJIb- 
pix. IIpu stom y 2MOpMOHOB HaGsOAanuch JecbeKTbI MO3ra B BH MO3TOBbIX 
rpbek (puc. 4 6); y OepemMeHHbIX KPbIC 9TH O3bl HSMeHEHHH B WeHTpasbHOH 
e€PpBHOH CHCTeMe He BBISbIBAaJIH. 

IIpu o6nyyennun kppic Ha 19 u 20 AHH GepemenHocru 5; 7; 10 uw 15 pCu/r 
KPbICATa POXRasucb c TuApoledalnel MO3Keuka, JOCTHTAaBIeH KOOCCAJIbHbIX 
)ASMEPOB, BIWIOTh AO NOWHOTO pacnwaBseHusa ero. B coxpaHuBiliemca mosre 
)ASBHTHE MO3KeUKAa UH KJICTOUHBIX CIOeB ero OblIO pesKO HapyiwieHo. Hapyx- 
bIM SEPHHCTHIM COM KeTOK OTCYTCTBOBaJ COBeplweHHO, a KueTKH IlypKuHbe 
DacNO/araJIMcb BO BCeX COAX KOpHI (puc. 3 6). B Kope OombumMmx nonymapuk: 
POJIDINMHCTBO HEPBHbIX KJIETOK He H3Me€HEHO, HO BCTpeualoTCH PpynMbl KIeETOK 
3 COCTOAHHH HeKpoOvo3a, B HHX OOBINHO BHHbI TOJIbKO pe3sko rumepxpoma- 
WMUHBIC UM YMCHbUICHHEIC B pasMepax Apa c MpHMexXALLMMM K HUM OCTaTKaMH 
IuTOMNAasMbI. Berpeyalorca Take JesOpMupoBaHHble KJIeETKH, MO-BAUMOMY 
3 pesybTate oTeKa. IIporonma3mMa 93THX KeTOK nmpescTaBlseTca s4ueucToH, 
Wpa MHOra OCTaIOTCA CBeTJIbIMH, HO yTPpauMBalOT YeTKHe OVePTaHHA WIM, 
1aOOOPOT, OKA3bIBaIOTCA CMOPILLCHHbIMH M MMKHOTMYHBIMH, a B HEKOTOPBIX KJIeT-: 
xaX H BOBCe He OOHapy2KuBaIOTCA. 

IIpu oOmyuennu Kpbic B 9TH 2Ke CPOKM MeHbIMMH o3amu P*? (go 3 pCu/r) 
3 MepBble AHH, B OTJIMYME OT HOPMbI, OTMeUaeTCH HEKOTOPOe 3aMe/VIeHHe B pa3-: 
‘MTHH KJICTOUHBIX 9JIEMeEHTOB MO3%KeUKa (puc. 2). SaTem, HayMHaA co 2—3 cy- 
(OK, HaOlOJlaeTCH H3M€HEHHE MHMTOTHYeECKOH AKTMBHOCTH B KJleTKaX HapyK- 
toro 3epHucToro ciOs. OgHako dopmMupoBaHNe TMCTOJOrMYeCKHX 9JIEMCHTOB, 
yosmkeuka 3akaHuMBaeTca K 20 JHIO, OJHOBPeMCHHO C NpeKpallleHHeM MHUTO- 
WueCKOrO JeJIeEHHA eFO KJIETOK, B TO BPeEMA KaK B HOPMe STH MpPOLecchl 3aKaH- 
HMBalOTCA Ha HECKOJIbKO J\HeH paHbllle. 
IlomyueHHbie SKCIePHMeHTaJIbHble JaHHble O pa3sHUHOK paguouyBerBHremi 
HOCTH I€HTPaJIbHOH HePpBHOH CHCTEMbI B3POCJIbIX MKMBOTHbIX, HOBOPO2KJICHHBIX: 
{ 3APOJbIIeH MMEIOT BeECbMa Ba2KHOe 3HaUeHHe, HO HECOMHEHHO HyKaroTcs B: 
aibHelieH pa3pa6oTKe. Ha ocHoBaHvM MpOBeeHHOTO SKCIePpMMeHTaJIbHO~ 
Mopdomoruueckoro vcceqOBaHHA Cc BO3eHCTBHEM Pa3/IMUHbIX 03 palMoak- 
uBHOrO dbocdopa Ha WeHTPaJIbHYy!IO HEPBHY!O CHCTeMy OeJIbIX KPbIC B 9MOPHO- 
feHese HM NOCTHaTa/IbHOM Pa3BUTHH MOXKHO MpHTH K CuJleMyIOUWWM BbIBOJaMi, 
1. Heppupie KeTKM WeHTPpasbHOH HeEPBHOK CHCTeMbI (Il.H.c.), B 3aBHCHMO- 
HTH OT UX 3PeNOCTH, OOMaTalOT HCKJIOUNTEJIbHO BbICOKOM Pe3HCTEHTHOCThWO, WJM, 
iao6opor, NOBbILeCHHOH UYBCTBUTeJIbHOCTbIO K BHYTPeHHeMy OCOyYeHHIO Opra- 
Hu3Ma. Helipoubl pa3uIM4HbIX OTJeIOB W.H.C. B3POCJIbIX XKMBOTHBIX ABJIAIOTCA 


i |) 
i 
i 


KECbMa PalMOpeSKCTeHTHbIMM K OOsyueHHIO P*. L.H.c. 3apofpilel uw HOBO- 
pork nenHBIXx OUCHb UYBCTBUTeJbHa K J[CHCTBHIO MOHM3UPYIOWeH pajyMaliuny, 
icmeicTBHe “ero OHA TAXKeNO NOpaxkaetca upu oOsyyeHun P*. 

|| 2. IJaronornyeckul sddext Ooubuie 3aBuCHT OT cTaqHM PpasBuTHA pasane- 
MIX OTACIOB IL.H.C. 3apOMba, YeM OT CHI BOSelicTBUA, ONpesemneMol Losok 
HOnyuenua. Ilourm 6esppeubie Lia B3pocuoro opraHHsma o3b1 P* BpisbiBaloT- 
ueHb TaKesbie NaTOmOrMuecKHe U3MeHeHUA Hu opaxKeHHA MO3Ta y HOBOPOX- 
HeHHBIX WM 3apoypiuen. Bo3stetictBne padualuv B HEKOTOpbie KPHTHYeCKHe Me- 
HO DbI PasBUTHA HePpBHOH CHCTeMbI NpHBOLMT K rHOemM HeHpoOsactToB u pes- 
omy HapyUleHHiIO aPXHTEKTOHUKU Pa3JIHUHbIX OTAeN0B Mosra. IIpu oOsmyyer 
mu ua 10 J€Hb BHYTPHyTpOOHOTO NepHofa OOpasylOTCA MOSFOBbIe TPbkKHy 
i) Ha 19—20 feHb pesKO HapyllaeTcA PasBUTHe MO32KeUKA, e) 
WucrutyT SKCiepHMeHTaJIbBHOH Me/HLMHbI Toctynuno.--,, 
AkajleMuM MeMUHHCKUX HayK CCCP 25 VI 1959). 
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BHOPH3UK A. 


B. ®. MYUKOB 


MEACTBHE PEHTTEHOBCKHX JIYYUEM HA PA3BHTHE AJIJIAHTOMCA 
IMBPHOHA LUbITJIEHKA 


(I1pedcmasneno axademukom H. H. Axuaxosoim 20 VII 1959) 


! 
| 


H 


B pa6orax no JelcrBHiO peHTreHOBCKUX JIyyeH Ha 9MOpHoreHes OoMbLIOe 
MeCTO 3aHMMAaIOT MCCeNOBaHUA, MpPOBeeHHbIe Ha 3apOfpllllax WyNIeHKa. Bowb-| 
wad uacTb paOor mo 3TOMy BOMpocy paccMaTPHBaeT CMe€PTHOCTb M XapaxkTep| 
AHOMAJIHM 3apOMplileH B 3aBHCHMOCTH OT JO3bI OOYYeHHA, AIMHbI BOJIHBI, CTA) 
yuu passutua u vt. Q. (178). U3yuenuio pelicrBud HOHM3Hpyiouleh paqualuu 
Ha MIpOBH30pHble OpraHbl MOCBALLCHO 3Ha4HTeJIbHO MeHbIllee YHCJIO pador (°° 
TIpH 3TOM OHH KacaloTCcd ruaaBHbIM OOpa30M H3y4eHHA nNoBpekJeHuu| 
HOHM3HpylouleH palualtueli TKaHell BmOmHe cOpMMpoOBaHHbIX asaHTO-} 
uca WM >%*elTouHoro Melika (B ocoOeHHocTH MX cocyfoB). Bonpoc oO} 
BJIMAHHM PeHTTeHOBCKHX JydeH Ha paHHue CTaMH Pa3BHTHA ZTHX OPraHoB| 
Mourn He 3aTpOHyT. OAHakO, Kak moKa3aHo paOorama II. I. Cpernosa ul. ®. 
Kopcakospoi Ha Maekonutaroulux (4, *°), yueT HapylleHuli pasBuTHa mpoBM-} 
30PHbIX OPraHoOB, B YaCTHOCTH MlalleHTbl, UMeeT OOMbUWIOe 3HAUeHHE AIA OHH) 
MaHua maToreHe3a sMOpunonaTud. Takum oOOpa30M, ucceqoBaHHe Bompoca Oo} 
BIIMAHHM PCHTPeHOBCKUX Jy4el Ha PasBUTHe MPOBM3OPHLIX OPraHoB 3aposbl-} 
mich UbIMeHKa MOXKeT UMeTh 3HaYeHHe WIA pelleHuA Ha3peBlllero BOMpoca oO| 
MpAMOM H HeIIpAMOM JelicTBMH PeHTTeHOBCKHX Jy4el Ha 9MOpuorenes (1°19) } 

PaOota npoBoduach Ha AMWax Kyp Mopody merropH. Awa uHKyOuposa-| 
Jiucb pu Temnepatype 38,5° u 60% oTHocHTenbHOM BaaxKHOCTH; NpoH3BOAuy 
JOCb TOTAIbHOe OANOKPaTHOe OOYYeHHe AML 030K B 600 r Ha anmapate PYM-2) 
e dubTpama 0,5 mM Cun! mm Al npw wanpsxenun 180 KB, cue ToKa 15 mal 
M MHTeHcHBHOCTH OOy4eHHA 38 r/MuH. Sita ocraBANMcb K MecTy OOmy4e;} 
HUA B TepMOCaX, HaMOJHeHHIX Ha '/, MecKOM, HarpeTbim Jo 38—39°. [pp] 
oO y4eHuu AHWa OCTHIBaIH MO KOMHAaTHOH Temnepatyppi (18°). OSmyyeHue npoy 
M3BOAHMIOCb B CileAyoulue CpoKH HHKyOalluu: 3a 8 MMH. WO Havana HHKy6a:! 
IMM, Yepe3 5 Yac. C MOMeHTa Ha4yaa HHKyOalluu, Yepes 1, 2, 3, 4 cyroxK o4| 
Havaa WHKyOalun. PesybTaTbl yUMTEIBAaIHCb B KOHUWe 7 AHA MHKyOallun, 
BekppitHe AMI MpOM3BOLMMOCh MOA BOAOM, YTO HMeMO WebiO COXPaHUTh TIp0}) 
CTPaHCTBeHHOe PacnoONOKenwe 3apOMslilla, WKeNTOUHOrO MeLIKa MH aMaHTOUCel 
H [aBaJIO BOSMOXKHOCTh C GoNbIleli TOUHOCTHIO MPOBOAUTh NpWxKU3HeHHBIe Hab! 
mogenua. IIpa Bekppitau Atta yQananocb */; ckopaymel Hal 2MOpuoHom. Koj 
JIMYeCTBEHHbIM KPHTePHeM CTeNeHH Pa3BHTHA aslaHTouca HaM cay xKusa 1s10)) 
mab ero MpoOeKIMH Ha MIOCKOCTb, KaK BeIMYHHAa, MpHOM3HTeMbHO XapaKy 
TepH3ylOllad Pa3MePbI NOBePXHOCTH, OOecneyMBaloule AeIxaHHe s3apospuutal 


C noMoulb:0 WHPKyIA-H3MepuTeIA WM JIMHeHKU u3MepAICA HanOombUIAa mua, 


i 


MeTp a/lMaHTouca. UMcioBble 3Ha4eHuA AMaMeTpOB amMaHTOMca OTJeNbHBD 
9MOPHOHOB NO KaxKOMy MHIO OOYYeHHA CYMMUPOBaJMCb, BETYMCIANICA cpes| 
HHH AuaMeTp HW NO HeMy — MOULab OKPyXKHOCTH, KOTOPad MPHHUMasacb HaMiy 
3a NPHOM3HTeIbHYy!O KOMYCCTBCHHYIO XapakTepucTUKy MOMaqu mpoeKitull 
ajlaHTouca Ha MOCKOCT. / 

AnmaHTouc 3akiaqpiBaeTcsa Ha BTOpble CYTKU HHKYOAaluH B BAe HeOoMbUIO, 
ro BbIpocTa 3afHero OTAea SHTOAepMasbHOK KHUIKH. Ha 3 cyTKM OH uMee) 
940 


Ta6Oauua 1 


‘IInomanp MpOCKUHH aJIJIaHTONCa HA NJIOCKOCTb H XapakTepHCTHKa PasBUTHA 2MOpHOHOB no 


|HEKOTOPEIM NPH3HakaM pH COyYeHHH B pasHble CpOKH WHKyOauuH oso 600 r. Yuer 
pesyJIbTaToB B KoHUe 7 JHA WHKYOauuH 
Cpoku nocne o6syuenna 
No HHKy6a-|5 vac. wH- |1 cyTKH 2 cyTKH 3cytck {4 cyToK KonTpone 
Wu Ky6, HHKYO. |HHKYO. HHKYyO. HHKYy6, 
||uametp mpoex- 
| WMH aslmaHTo- 
uca Ha Tv0c- : 
|| KOCTb, MM 34,9+0,;9) 34,24+-0,5/27,5+4,0/28,241,1| 32,30, 8/33,3--0,6]37,7+0 5 
IInouyayb mpoek- 
|| HH asmaHTo- 
Hca Ha Tsoc- 
|| KOCTb, MM? 960 930 590 625 800 880 1110 
|) TeMeHHO-KonuH- 
|| KoBbIH uHpexc |18,2+0,2) 17,70, 1/18,2+0, 2/18, 1+0,3] 17,54+0,2/17,5+0,1|19,64+0,2 
)\ nua uorv, MM| 6,0-+0, 1} 6,0+-0,2 | 6,3+0,4] 6,140,1) 6,1-+0,1) 5,8+0,8] 6,940,4 
| tuna Kpbisa, 
MM 4,5-+-0,1) 4,440,1 | 4,84+0,4) 4,3+0,1) 4,4+0,1/4,54+0,05) 4,9+0,4 
, JMametp rasa, 
MM 4,9+0,1/4,2+0,05 | 4,540,141] 4,410,1/4,2+0,05 | 4,240, 1/4,8-L0, 04 
 Uncno ck epasb- 
HbIX COCOU- 
| KoB 1,2+0,03] 0,6-40,3: 1,540,3| 2,0+0,4| 0,4+0,2] 0,3-+-0,1] 3,7+0,3 
“Uycno BboKB- 
|| mux 3MOpHo- : 
|| HOB 38 66 47 37 39 (ASS) “123 
IIpumeuanne. B pacueT NpHHHMadHCb TOKO BbI2KMBIIMe 9MOpHOHBI. 


BU, TOHKOCTeHHOrO My3bipA, Ha 4 CYTKM aJIaHTONC BbIXOAUT 3a Mpelebl 3a- 
| pOAbilla, BHEAPAACb Mex Ay cepOsHOH OOONOUKOK MH AMHHOHOM;.B TeyeHne 6 AHA 
4 aJIJIAaHTOUC MJIOTHO CMbIKaeTCA C Cepo3HOH OOON0UKOM HM HaUMHAeT BbIMOHATb 
‘[pixatesibubie (yHKwun. K Kony 


|7 RHA OH OOpacTaeT H3HYTPH CKOp- in nae 

| aqyny noun HanosoBHHy. \ ‘heel 
 Tlnomayb npoekunu allaHTON- i Ei un ta 
(Ca Ha IIOCKOCTb B HOpMe cocTaB- 8 , #gl 19g | 
aser B cpetuem 1110 mm?.Tlocne § [ i a 
|oGaysenus nowayb ero mpoeK- S 1 N 
‘uv 0 cpaBHeHMio c KOHTposiem — 8 | S00; 60 8 
jyMenpinaercs (ra6. 1). OrHocu- $8 a hee 
"TesbHO HeOosIbice yMeHbleHue §8 [ aes ies 
|moulaqu Ha6mofaetca npn o6y- &8 lay, x 40 S 
\4eHHM HCHHKYOMPOBaHHbIX AMI NS ee pA oa < 
}auu 5-uacopoi unxyOaunu. pu 8 gy / “SL dy = 
(oOmyueHuu %e Ha | cyTKM MHKy- § uf sa Ss 
( Oallun HaOmOfaeTCA pesKoe yMeHb- | ‘ 

| weHnne NOWanin aJlJIaHTOHCa, OHA 0 (ele eae eS ce 
(cocTaByieT B CpeHeM TOJbKO NN am 

153,1% ero HOpMayIbHOH nsollanu 7 
{ (puc. 1). Tlocne o6nyyeHuad Ha Puc. 1. Tinomazp npoexunu annantcuca Ha ma0- 


CKOCTb (/) H CMepTHOCTh 9MOpHoHOB (2) nph cOuy- 


2,3 u 4 cyTKu wHKyOallun 9TO 
YeHHH B pa3Hble AHH HHKyOallnu 


| YMeHbIleHHe CTaHOBHTCA MeHee 
| SHAUMTEJIbHbIM, HW Pa3MePbI aJlaH- 
}TOHCa NOOMbITHBIX MMBOTHEIX MOCTeneHHO MpHOmMKAaOTCA K TAaKOBbIM KOH- 
|Tpombubix (puc. 2). PesKoe OKaIbHOe MOBbIWIeHHe YYBCTBUTEbHOCTH 3auaTKa 
aylaHTonca K JlelicTBuIO PeHTTeHOBCKUX JTyyeH NpH OONyyeHHH B KOHUe | cy- 
TOK HHKyOalluu JaeT BOSMOXHOCTh NpeAnosaraTb, UTO KPHTHYECKHH NepHog 
‘3T0ro OpraHa Maflaer Ha AaHHbIli cpok uHKyOallvv. CmMepTHOCTb 9MOPHOHOB, No 
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HalUMM Ha6J0JeHHAM, KaK HM M0 JaHHbIM APyruX aBTOPOB, Mp OOMYYeHHU AHIL 
l-cyTouHOl uHKyOallMu MaKCHMaJlbHad (B HallMX ONbITaX OHA COCTaBJANa 
55%; puc. 2); KomMYeCTBO 2Ke 3apOfpllleH Cc JOKaJIbHbIMH aHOMAJIHAMH CpeyM 
OCTaBIUIMXCA B XKMBbIX Nocse OOTyYeHUA Ha STON CTaMH PasBHTHA CPpaBHHTeJIb-; 
HO HeBesuKO. OGulee pa3sBHTHe OCTABIUMXCA B XKHBbIX JMOPHOHOB, OMeCHHBaeMOe. 
HAMM 10 TCMC€HHO-KOMUYHKOBOMY HHAeKcy, WIWHe HOrH, Kpblla, AuaMeTpy rasa. 


eee ee 


Pre. 2, AnmasToue KOHTpowbHOrO (a) HM OOmyYeHHOTO {6) 93MOpHOHOB. 
CHATO IpH OAMHAKOBOM yBeJIHYeHHH; JIA KOHTpaCTHOCTH B MOJOCTb aslaH- 
TOHaJIbHbIX MeLIKOB BBeeH PaCTBOP Me€THJICHOBOH CHHbKH 


H KOJIMUeCTBY CKJIepasIbHbIX COCOUKOB, XOTH WM MOHHYKeHO M10 CPaBHeHHO C KOH; 


TPoseM, HO OCTaeTCH MOUTH HEHSMEHHBIM Mocwe OOyYeHHA Ha BCeX CPOKaX | 


{ra6n. 1). 
Bonpoc 0 3HaveHHH MOpaxKeHHA aJIJIAHTONCa B MaTOreHese JIyYeBbIX MOBPer- | 


JleHui 3apoOpillia MoKa elle HeJIb3A CUNTATb PelleHHbIM. OAHAKO yxKe conocTaB- | 
JeHHe XOMa CMepTHOCTH 3apo/brlliel 
nocie OOyYeHHA AHI, B pa3Hbie CPOKH 
HHKYOalluu HW pasMepoB MIOWlatH mpoeK-, 


of 


|" WHM aslaHToHca Ha miocKocTb (pue. 2)¢ 
ey YKa3bIBaeT Ha BO3MO2KHOCTb B3aHMOCBA- | 
al ae | 3H MexKy HUMH: Ma@KCHMaJIbHaa CMepT- | 
i Gee yi HOCTb 3apO]blllieH H MHHHMaJIbHaA IMVIO- | 
s Iab NPOeCKIWHH aJIaHTOHCa NPUXOJATCA | 
Ss : T / Ha OJMMH H TOT Ke Jenb OOs1yuenua (1 cyt | 

f 


KH). Kpome Toro, Ip BCKPbITHH ANIL B 
a KOHUe 7 AHA HHKYOaLHH MOKHO ObIIO 
! Sie | ae » 

Sree 5 6  ?eym OlpeAeINTh WM MPHMepHbIi BOspacT Mo- 

rHOuIMXxX, He ycneBuIMX elle MallepHpo- 

4 BaTbCA K 3TOMY BPeMeHH 3MOPHOHOB, | 
uc. 3. CMepTHOCTb 2MOpHOHOB IUbINeHKa 

flO HAM UnKYOAWHH Ticcme cOTyyeHuaA ux TO AT ow a0 Cre aeons | 

B Kone 1 cyToK HHKyOauuH KOTOPBIe NpeWNOO%RKeHHA O MPMYHHAX | 

ux rHOemm. AHanu3 cpoKos ru6enn 70 | 

9MOpHOHOB, OOyyeHHBIX Ha | cyTKH | 

HHKyOallun, NOKa3a1 HaMYHe Pe3KO BbIPAaxKeHHOrO MaKCHMYyMa IIpOleHTa CMepT- | 

HocTH Ha 3 CyTKH HHKYOalluu. OnHaKo nocae 5 CYTOK Mpollent norH6umx He 

TOMbKO He NaaeT, HO HECKOJIbKO NOBpillaeTca: Ha 6—7 cyTKu MHKyOallHU NO- | 

roo 22 u3 70 o6myyeHHpIx (pune. 3). Pu6ens SMOPHOHOB B MepsBbie 2 AHA Nocue | 

OOy4eHHA ABHO He CBA3aHa Cc (YHKIMAMM amvaHTOHca, ruGenb 2%Ke Ha 6—7 

CyTKH HHKyOalluH THMOTeTHYeCCKH MOXKHO NOCTABHTb B CBA3b C Hap yuleHHem | 
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Coon unxybouus 


BBMTHA aJiaHTouca. Bpillie yka3piBasiocb, uTo..c 6 AHA MHKyOallun HauH- 
eTcA (PYHKUMA aJWaHTOMCa Kak OpraHa AbIxXaHuA. CusmbHoe Moparkenne as- 
mTouCca (y MepTBEIX SMOPHOHOB HaGIOJaeTcs B OOMbUIOM Mpollenre c1yyaeB 
(IHOe HJIM NOYTH MOHOe OTCYTCTBHE aJlJIaHTONCa) HECOMHeHHO Beller K Hapy- 
ipo ApixaHuA uw acduKcun. O Hapylienuu AbIxaHud u OO accbuKcuu TOBOpUT 
(KKe TO, YTO MOUTH BCe X%HBbIC SMOPHOHHI B HaLIMX OMbITAX UMeJIM COcyAUCTHIe 
yuWleHHA B BHAe Y3eJIKOBbIX PaCWIMPeHHH, TOUCUHbIX KPOBOK3JIMAHHH UW OO- 
(PHbIX TeMaTOM. 

| Tlony4eHHpie HaMH AaHHEle MBI ComocraBHuIM c Janu E. A. BasibluirpeM 
}) no OOy4eHHIO SMOpHOHOB Kpbicbl Ha 10 AeHb pa3sBUTHA; el MOKa3aHO, YTO 
Wu OOYYeHHM NOparxkKaerca aaHTOMMabHbii 3auaTOK MvialeuTHl. B Hallux 
WbITaX HanOovibillee NOParxkenue aaHTONca HaOOAaOch MpH OOyYeHHN Ha 
heHb uHKyOauun. Tlompsysacb HaliumMu TaOMMaMH SKBUBAaseHTHBIX BO3pacTOB 
')), MOXKHO ONpeeUTb, YTO OHOAHEBHBIC SMOPHOHb! IpIMIeCHKa COOTBETCTBYIOT 
/CATHHEBHBIM SMOpHOHaM Kppicbl. Takum o6pa30M, KpHTHYeCKHe MepHOspI 
#SBUTHA; alaHTOUCa y 3apOfbIlllel WbINIeHKa HM KPbICbl MPHXOAATCA Ha MpHH- 
\nmabHo ToxKecTBEHHBIe cTaqMH pa3BHTHA 9THX XKMBOTHEIX. 


MucruryT 9KCnepHMeHTaIbHOH MeHILMHbI llocrynuso 
AkajJ@MHH MeHIMHCKHX HaykK CCCP. 24 VI 1959 
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Jloxaagm Arkagemun nayx CCCP 
1959. Tom 129, Ne 4 


BHOXHMH 


B. ®©. BAHIOLIHH u unenexoppecnouyent AH CCCP A. H. BEJIOSEPCKHM 


HYKJIEOTHAHbIN COCTAB JESOKCHPHBOH YK JIEHMHOBbIX 
KUCJIOT BbICIUMX PACTEHHH Rs 


Vimetouliica B IMTepaType MaTepval NO HyKJeOTHAHOMy cocTaBy e30Kc 
pHOOHYyKJeHHOBBIX KucoT (JLHK) y Bpicumx pacrenuli (*~*) HaneKo Hexoct 
TOUCH JWI Cy2KMeHHA O XapaKTepe H Mipefenax BapbupoBaHusa coctaBa JIF, 
y 3TOH OombWO u pasHOOOpasHO rpynnbl opraHH3moB. Hactosilaa pao’ 
ABJIACTCA MOMbITKOH HECKOJIbKO JONOJIHUTb CYLIeCTBYIOUIMe 3HaHHA OTHOC 
TebHO coctapa JIHK y sBpicwux pactenui. 

Hamu u3y4eH HykKseoTHAHBI cocraB JIHK y 19 Bugop pacrenul — mpe 
craputenehH 5 TunoB, 6 kmaccos wu 17 cemelicts (°). Jia u3y4eHHA HYyKJeOTH: 
HOO COCTaBa HCHOb30BaJIM MbWIbUy, CNOPbl, pacTeHHA WeJIMKOM, CeMeHa, 
3apOfbllin ceMaAH. 1—4 r O6e€3KHPeCHHOTO TWaTeIbHO pacTepToro cyxoro pé 
THTebHOFO MaTepHavia rHApomusoBasn 0,75 N NaOH mpu 37°B Teyenue 18 4a 
W JlauibHelily10 OOpaGoTky NpOM3BOAMIM Tak Ke, Kak ONMCaHO B paboTe Cn 
puHa u Benosepcxoro Ana JLHK (°). Pasnenenue ocHopaHuit mpou3sBo,usM 
NOMOLWbIO HUCXOAAWeH XpoMaTorpaduu Ha Oymare JBYMA pa3JIMUHbIMM CT, 
co6amu (?). j 

TlomyyenHpie JaHHbie no coctapy JIHK spicimmx pacrenul mpelcTaBJieHbi 
TaO. 1. Tam, rge B TaOHWe HET COOTBETCTBYIOWIMX OroBOpoK, cocTaB JIF 
H3yuaJICcA B CeMeHaX TeX WIM MHbIX pacteHul. IIpeacrapneHHble B TaOJIM 
JauHbie no coctapy JIHK spasnirca cpeqtHumu u3 3—4 oTfenbHbIx onpezel 
HHH B KaxKJOM u3 2—3 napasenbHBIX ruytpomu3atoB JLHK Kkaxyoro n3yue 
HOrO Bua. Cpefnee OTKJIOHEHHE OTIEJIbHIX ONPeeeHHH OT cpefsHeHi-+2—3' 
jwuia 5-MeTHUMTO3HHAa Jo +5—10%. 

B cOOTBeETCTBHH C 3aKOHOMePHOCTAMM, ycTaHoBseHHEIMH Uapraddom (2 
B JIHK w3yyuenHpix Hamu pacteHuii 


IP 


or A) ie: fae 
ot +Mi 


ies ee ia | 


M3 novydeHHbIX HaMH JjaHHbIX MO HyKJIeOTHAHOMY cocTaBy cyleyeT, 4 
HK scex usyyenupix pactesuli orHocatca K AT-runy. Moxasatenb cnenud 
r+U+ Mil | 
yaa ee 
Ecam cpaBHuTb 9TH aHHble c MaHHbIMH no cocrapy JLHK pasmnunerx rpy 
MUKPOOpraHHsMoes (°*), TO MOXKHO BHJeTb, uTo coctap JLHK seicumx pacreH 
BapbHPyeT B 3HAUWTeEIbHO MeHbieh creneHu. MuTepecHo oTMeTuTb, uTo JF 
+ ae 
A+T: 
IIPHMePpHO BapbupyeT B TeX Ke npesenax — or 0,45 yo 0,77 (°). Taxan 6 
3ocTb B coctape JLHK pacrenuli u %XHBOTHBIX, MOXKET ObITb, He clyyaiina w 
KakOH-TO Mepe OTpaxkaeT CXOACTBO MX OpraHMsaliuu (MHOrOKeTOUHOCTS). 
Has JMHK pacrennit xapaxrepHo cpaBHNTeIbHO BHICOKOe coepxKanve 1A 
TO a30THCTOFO KOMMOHEHTa — 5-MeTHJMMTOSHHA, COMepxKaHue KOTOPOrO Bap 
pyet or 2,0 no 7,2%. B JTHK apxeronnambupix pacrenuii cozepanue 3TO| 
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HocTH coctapa JIHK — ornowenne 


2KMBOTHBIX Tak?Ke OTHOCATcA K AT-rTuny uw BeMUMHAa UX OTHOWEHHA 


Ta6anna 1 


HykseoTHqHbli cocTaB Je30KCHpHOOHYKJIeHHOBIX KHCJIOT BBICIIHX pacTeHuit 


OcnoBaHun, % 


Bux CemelicTBo 


A TW | MU 


T-un Lycopsida, k 1 acc~. Lycopodineae 


Lycopodim clavatum (pacre-j| Lycopodiaceae | 21,4 | 29,4 | 17,3 | 4,0 | 28,5 | 0,99 seal 1,01 | 0,98 | 0,74 
HHE IleJIHKOM) } | 


Tun Sphenopsida, kmacc Equisetineae 


Equisetum arvense (pacteHue] Equisetaceae bite Seasee| ail al 1,01 41,00] 1,01 | 1,00) 0,72 
1eJIHKOM) | 


Tun Pteropsida, knacc Filicineae 


Ceratopteris cornuta (pactenHe 
WeNHKOM) 
Nephrolepis sp. (cnopb!) 


Polypodiaceae | 19,8 sca aa 3,8 | 29,5 | 0,94 | 1,04 | 0,98 | 0,97 | 0,69 


Polypodiaceae 21,0) 28,7}19,0] 2,5} 28,8; 0,9814,00 | 0,99} 0,99 | 0,74 


Tun Gymnospermae, kK 2 acc Coniferophyta 


| Ginkgo biloba (3apoazbimn) Ginkgoaceae AGRO ASL Oupeddch — j 83,5] 0,97] 0,941 0,9511,03 | 0,54 
{ Cephalotaxus Fortunei Cephalotaxaceae | 18,9 | 31,1] 15,4] 3,8] 30,8] 0,98] 1,01 | 1,00] 0,99 | 0,62 
|| Picea excelsa (nbinbia) Pinaceae 19,5 | 30,7] 19,6; — | 30,2] 1,00 | 1,04 | 1,02] 0,99 | 0,64 
Pinus silvestris (nbinbua) Pinaceae 19,3 | 30,1 | 16,5 | 3,6 | 30,5 | 0,96 | 0,99 | 0,81 0,99 | 0,65 
Tun Angyospermae, Knacc Dicotyledoneae 
|| Cudrania tricuspidata Moraceae (19,7| 30,5] 14,3) 5,5) 30,0] 0,99) 1,02) 1,04 | 0,99 | 0,65 
Linum usitatissimum| Linaceae 20,1 | 29,6] 16,8] 4,0} 29,5] 0,97] 1,00 | 0.99 | 0.98 | 0,69 
Brassica cleilera Crucilerae 20,5 | 29,1 | 18,7| 2,0 | 29,7] 0,99 | 0,98) 0.9814, 110,70 
| Helianthus annuus Compositae 19,2} 31,0] 13,7] 5,5] 30,6) 41,00 | 1,01 | 1,01 | 0,99 | 0,62 
| Aleurites Fordii Euphcrbiaceae 21,8 | 29,1114,6] 6,1 | 27,911,038 | 1,04 | 1,04]0,99| 0,75 
| Styrax Obassia Styracaceae 22,1 | 27,8] 17,0] 5.3 | 27,8 | 0,99 | 1,00] 1,90 | 1,00 | 0,80 
| Passiflora coerulea Passifloraceae 23,1 | 27,0} 16,8) 6,3] 26,8]14,00] 4,01 | 1,00 | 1,00 | 0,86 
| Kaacc Monocotyledoneae 
Cordyline australis Liliaceae 20,2) 29,4] 24,0) —]|29,4] 0,86] 1,00] 0,98] 0,98 | 0,70 
Bletia Hyacinthiana Orchidaceae LOT a0,Ga Abed! | 5 12834) 1502 | 408 1a s0o Ono 0sT0 
Triticum vulgare (2apogzpimu) | Gramineae 22,91 26,31 18,8] 5,8 | 26,2 | 0,93) 1,C0 | 0,97 | 0,97 | 0,94 
Zea mays (3apofbilin) Gramineae 24,5125,6147,41 7,2 | 25,3 11,00 | 41,04 [1,00 | 0,99 | 0,97 


IIipumeuanne. [T—ryannn. A—azenun, IL—unutosun, MI — 5-veTwauntosun, 
T — Trumun, Ilyp. — nypuxosbie ocnopanua, I]np. — nMpHYMHAMHOBbIe OCHORAHHA. 


KOMIOHECHTA, TMO-BHHMOMY, HeECKOJIbKO Hu2Ke NO cpaBHeHHtO c JLHK noxppito- 
ceMeHHbIx. Cofep2kanne 5-meTuuuTo3suHa oTmnuaet JLHK pacrenuit or JLHK 
-pyrux opranu3mos, Tak kak B JIHK mukpoopranu3MoB 5-MeTHJIUMTOSHH He 
o6Hapyxen, a B JLHK xxuporHpix ero cofepxKanuve He mpeBpillaet 1,5% (*°). 
Tipu paccmotpenuu cocrapa JIHK spiciiux pacreHuH B CHCTeMaTH4YeCKOM 
acnekTe oOpalllaer Ha ceOA BHUMaHHe CpaBHUTeIbHO HeOosbWlaA ero Bapna- 
OHJIbHOCTb y pacTeHuil CaMbIX Pa3/IM4HbIX CucTeMaTHYecKUX rpynn. B HeKoTO- 

| PbIX CyYaHX MOXKHO TOBOpHTh 06 nAeuTHYHOCTH coctaBa JLHK (npeactaButesn 
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apXerOHHasIbHbIX — JIMKOMOMUM, 4Ba Ba TanOpOTHHKOB H XBOUL). CocraB THK } 
TMHKFO HeCKOJIbKO oTwMUaeTca oT cocraBa JLHK kak apxXeroHHaJIbHbIx, Tak H | 
NOKPbITOCeMeHHBIX pacrennli. HecxoubKo GOoulee 3aMeTHble BapHallun HaOJO- j 
Waioren y McCMeOBaHHBIX HaMH OAHOJObHBIX, “3 KOTOpEIX JLHK kyKypysbl 
OTHOCHTCH K CaMOMy HH3KOMY 3 BCeX M3yYeHHEIX HaMu pacresul AT-tTuny 


it 


{ 
le 


(orHomenne ATES = 0,97, Tr. e. 6mu3KO K 1). MurepecHo oTMeTHTb, YTO H ff 
Uepek i 
B PHK kykypy3bi oTHOMIeHHe = py TakwKe Boule 10 cpapHennio c PHK gzpy 


rux pacrenuit (7). Moxer ObiTb, 9TO M He ClyyaliHoO C TOUKM 3peHusA TOM KOp- |f 
persitun cocrasa PHK u JIHK, xoropas Opia noka3aHa CnMpHHbiM, Beno- jf 
3e€PCKHM HM Jp. JWId HYKJICHHOBbIX KucOT OaKTepuli (°). i 

Vineutuunoctb cocrasa JJHK u3 pa3M4npix yacTreH pacreHua (cnoppl, Be-ff 
TeTaTHBHbIe€ YACTH PAaCTeHHA, MbWIblla, CeMeHa HM 3apOJBILIM CeMAH) CBHJeTeJIb- | 
cTByeT 06 OTCYTCTBHH TKaHeBOH HM OpraHHoli cneumduunocru cocrapa JLHK y jf 
pacreHuii, KaK 9TO OTMeYasOch B AMTepaType B OTHOWeHHM XKMBOTHBIX (7°). 

Hecmorps Ha TO, ¥TO JIA MCCMeAOBAHUA Obi HCHOb3OBaH PaCTHTeJIbHBIH § 
MaTepHaJl, Pa3zJIMYHbIi M0 CBOeMy BOSpacTy Hu MO cbHsHOIOrHYeCKHM OCOOeHHO- ff 
CTAM, 9TO HHCKOJIbKO He OTpa3zuslOcb Ha u3MeHeHuN cocraBa JLHK. Oro cBuzer 4 
TeJIbCTByeT O He3aBHCHMOCTH HyKJeoTHgHoro cocrapa JLHK or sospacta u} 
(PU3HOJIOFHYeCKOFO COCTOAHHA PaCTHTeJIbHbIX OPlaHH3MOB. 

TakuM O6pa30m, BCe CCIE MOBaHHbIe pacTeHHA, HAYMHAA OT HASKOOPFaHH3o- j 
BaHHbIX H P@JIMKTOBbIX BHAOB HM KOHYaA MpeAcTraBuTesaAmMu HanOoslee COBepUIeH- f 
HbIX H MpOUBeralolluX B HaCTOAIUee BPeMA CeMeHCTB, NO HYKJICOTHAHOMY CO-! 
crapy JIHK ornocatca kK OfHOH rpynne, xapaxTepusyrouelica JLHK AT-runa. } 
Dror tbakT MOXKeT MOC yKUTb OCHOBAHHeM JIA NpeMNoO*KeHHA O PusorenerH- | 
YeCKOM eJIMHCTBe STOH rpynnpl. 

CxojcTso HykKsleoTugHoro cocrapa JIHK spiciimx pacreHuli cBueTebcTByeT § 
06 ocrpol HeoOxoguMmocTu H3yyeHHs cneuuduyunoctu JIHK spicitux opranus- | 
MOB 110 JIMHHM HYKJCOTHAHOH NoceLOBaTebHOCTH. 


MockosckHH rocyfapcTBeHHbIli yHHBepCuTeT Tocrynusio 
um. M. B. JlomoHocosa 26 VIII 1959 
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Horkuaye Akagqemun nayrx CCCP 
1959. Tom 129, Ne 4 


BHOXHMHA 


P. HW. CAJIFAHHK, T. M. MOPO3OBA n H. HW. KAKHAJI3E 


W3Y WEHWE BOCCTAHOBJIEHHA HYKJIEMHOBbIX KUCJIOT 
B H30JIMPOBAHHbIX KJIETOUHBIX AAPAX, NOABEPPLIAXCSH - 
AEMCTBUIO JE30KCHPHBOHYKJIEAS3bI 


(II pedcmaereno axademukom HM. JI. Kxynsanyem 19 VI 1959) 


| Ucnomb30BaHve H30MPOBaHHbIX MepexKUBAIOINUX Aep B KayecTBe OObeKTA 
(OXHMMYCCKUX UCCCLOBaHHH OTKPbIWIO HOBbIe BO3MOXKHOCTH JIA U3SYYeHHA 
IH Apa B CHHTe3e OeNKOB, B Mepefaye HacleCTBeHHOH MHdopMalluu, Awa 
HaiH3a B3aMMOOTHOWeHHH Apa mu WHTOMIAasMbI. 
|| B o6OmmpHpix uccieqopaHuax ma6opatopuu Mupcxoro ('~°) u B psye no- 
PeyIOWMxX paOoT HHBIX aBTopoB (°-8), BLIMOMHeHHbIX Ha TaKUX AApax, moKa- 
Ha CiOCOOHOCTh HX HHTCHCHBHO CHHTe3MPOBaTb OesIKH; Mp 9TOM yCTaHOBue- 
Ib, UTO CHHTe3 OeKOB TECHO CBA3AH Kak C Je3s0KcupHOonyksenHoBon (JTHK), 
1K HC pHOoHyKjeHHOBOH KucnoToH (PHK) anep u peryaupyerca 9TuMu TO- 
luMepamu. B pe3yabrate paspymienua uactn JIHK B u30qHpoBaHHbIx Aspax 
MOMOWIbIO JesoKkcupHOonyksieaspi (JIHK-asa) (') umm peHTreHoBCKNx wyyeli 
|, °) CyLeCTBeEHHO CHW2KaeTCA BKJIIOUCHHE MCYCHbIX AMMHOKUCJIOT B AepHble Oes- 
1; Menomumepr3auua JLHK 3aqepxupaer Takx%Ke BKJIIOUCHHe MCYCHBIX Tpe- 
PecTBeHHUKOB B PHK sgep u Topmo3ut cuytes AT® (?7°). Oxasaocb, 4TO 3TH 
(OLECCbI MOXKHO BOCCTAHOBUTh AOOaBJICHHEM K HHKYOUPYyeMbIM ALPaM FOMOVIO- 
(MHOK uM dy2KeposHol JIHK, ux ruqpoumsatos, a Takxe BBefeHnem PHK 
|| HEKOTOPbIX MOIMaHHOHOB ('). | 
B wacrostleh pabore OJHOBpemeHHOe MpHMeHeHHe OMOXUMHYeCKHX H WATO- 
|HMHYeCKUX METOLOB MO3BOJMJIO BCKPbITb He€KOTOPHie OCOOeHHOCTH JelicTBHA 
HHK-a3bl Ha M30JIMpOBaHHble Apa WH HCCICMOBaTb eTaJIbHO BOCCTAHOBJeHMe 
|\/KJICHHOBLIX KHCJIOT B HX. 
|| Anpa Byilenauu W3 300HbIX *Kese3 TeNAT HO HeECKOJIbKO BHJOHN3MeHeEHHOH 
inmua (°) MetoquKe Urepa u Mupcxoro (°). Brifenenuple ipa cycneHqupopaiu 
10,25 M caxapose c 0,003 M CaCl, (250 mr snep/ma) u k 1 Ma cycneH3uH mpu- 
ipa 0,5 m1 0,1 N sarpuii-coccaruoro 6ydpepa Ha 0,25 M_ caxapose (pH 7,3) . 
10,4 ma 0,1 M raoxo3, coxepxamet B | ma 8,16 mr NaCl u 4,19 mr MgCl). 
if Renomumepuzaunu JIHK pw aqpax B cmecb BBofunu JLHK-asy (0,2 mr 
ih 100 mr sep) u wHKyOnpoBanu 30 Muu. np 37°; apa oTyensnn WeHTpH- 
iyrupoBanvem (10 muy. npu 600 g) mu BHOBb cycneHMpoBaiM UX B HHKyOa- 
HOHHOM cpege, B KOTopy1o BBofusu JIHK (2 mr wa 100 mr agep) umn PHK 
| mr wa 100 mr sgep); qua nofapnenua yelictBua JLHK-a3p1 oftHoppemeHHo 
®OKMICA JIMMOHHOKHCIbIM HaTpul (20 pw mos.). Tlocne 60 mun. nukyOallnn c 
KJICMHOBbIMM KUCOTaMH, Apa BHOBb OTAe/AM WeHTpH@yrupoBaHueM, OTMBI- 
ham 0,25 M caxaposoli c 0,003 M CaCl, u noxBepraiu Ovoxumuyeckomy ¥ 
TOXHMMYeCKOMy ucceqoBaHutO. IIpoOp Aa HCceMOBaHHH Opasim Takxe Ha 
B3HBIX 9Tanax onbita. HyKmeuHopple KuCcJOTHI paszemasmn no Wmugry u Tann- 
hysepy B ModuduKauun Wneligepa (7°), conepmxanne HK onpexenanu mo 
faprony (11), a PHK — no JIume u Bopendpeltugy (7?). ua uutoxumuyeckux 
bereqopaHuii u3 MHKYyOaTOB OpasM Ma3KH M OKPalllMBasIM UX MeTHJIOBIM 3e/1e- 
IM — IMpOHHHOM u no Dénpreny. [lpn muKpockonuM MpenapaTos HaOwio- 
hercn Oomblioe KOMMYeCTBO CBOOOMHDIX OT WMTOMNMASMbI Aep KeTOK AMMO A- 
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Ta6auna 1 


Cojepxanve HYKJeMHOBLIX KHCJIOT (B MusuurpamMMax Ha ir sjep) B_ H30HpOBaHHI 
alpax mocuie getictBun JLHK-a3bl Hw BCCCT@HOBJI€HHA HX C MOMCHIbIO PHK u JIHK | 


Onpit Not Onur Ne2 | Onpit Ne 3| Onpit Ne 4 | Onpit Ne 5 Onpit Ne 
Bee ae THK | PHK | HK |PHE JIHK | PHK | J,HK | PHK |AHK | PHK ALHK PH 
VutakTHble Apa 50,8|2,45| 45,2) 2,9/41,4] 2,5] 50,0] 3,1)/50,4/2,4) 45,2} 3, 


Ampa, HHKyOupoBaH- 
Hble c JIHK-a30n 
(30 muu., 37°) 10,6|2,53.| 14,6) 3,8] 16,3] 3,0] 13,0) 2,7] 11,8) 3,3 | 13,2 ye 


Breyenne PHK B 
cpely c sAfpamMyH 
nocvie HHKyOauuun 
ux c JIHK-aso# 
(60 muu., 37°) 16,2] 11,0) 18,0) 11,3) 18,3) 8,7] 17,0/8,85] 16,2 | 9,6] 14,2 10 


Beeyenve JIHK B 
cpely c sqpamMu 
nocje HHKyOaluH 
ux c JLHK-ason | 
(60 mun., 37°) | 24,0] 3,7{21,0| 4,5] 26,0} 3,6] 22,6] 4,7|18,2/4,3|20,4| 9) 


HOTO pala, THMMUHDIX WIA 300HOH *Kee3bl; B HEKOTOPHIX H3 HHX BHHbI AJPbi| 
KH. B nove 3peHusa uspeyka Nonafatorcs Coee KPyNHble Apa SNHTeJMAJIbHE! 
KneToK (puc. | A). i 

Vs wannpix 6uoxumuyeckux onpeleneHuii BUAHO, ¥TO NOL JelicrBuem JH | 
a3bl cofepxaHne JLHK B sagpax cuwxKaetca Ha 60—80%, a KonuyectEo PH} 
octaetca 6e3 H3MeHeHHH (Ta6n. 1). ORHakO UnTOXuMNYeCKHe HaOsIOeHHA TI 
Ka3aIu, UTO nocme JelicrEua JIHK-a3p uactb PHK o6HapyxuBaetca BHe ADI 
B Bue CEOOOAHO WeKalluX PpaHys OKPyrviohH npaBuabHOK GopMbl, Anamerp¢ 
B 1,6—2,0 p (puc. 1 5). B npenapatax uHTaKTHbIX AJep 9TH paHyJibl COBe} 
HIe€HHO OTCYTCTBYIOT (puc. 1 A). Tpanynpi oceqaioT mpuH TOM xe ycKOpeHH| 
4TO HW Apa, WB CBASH C STHM, BeEPOATHO, OOLlee KOMMYECTEO ONOXUMHYEC)} 
onpeyxernemoh PHK 8 sayepHok dpakunn, cOpa6otanHoh JIHK-a30n, ocraer| 
6e3 u3MeHeHHH. MctounukoM rpaHyJ B YCOBYAX HallHX ONbITOB, NO-BAAUMO 
MOryT ObITb TOJIbKO CaMH AZpa. O TOM, 4TO B rpaHysax coepxutca PH} 
CBHJICTEIBCTBY€T HE TOJIbKO BbIPa%KeHHAaA NAPOHHHOGUHA, HO MW TO, 4TO II 
posoBas OKpacKa nocse OOpaboTKku Ma3KOB puOoHyKseas0H pesKo ocsabeBaE| 
HisgectHo, uto nomumo PHK nvpoHHHoM OKpalMBaeTCA Tak%Ke u Lenonumep| 
30BaHHad JIHK, Ho B 9TOM cay4ae rpaHysbl Kpacusucb Op uw no Ménpren| 
OWHaKO OKpacka NipenapatTos sgep no Menbreny He BLIABMAeT PpaHy. 

B orHowlenuu cofepxKanua JLHK pesynbrarpi WuTOXHMHYeCKHX HCCIeLOB) 
HHH MOATBep*MaloT OMOXHMHUECKHe aHHbie: AApa MHTAKTHbIe OKpalliuBatory 
MeTHJIOBbIM 3CJICHDIM B HHTCHCHBHO CHHE-3eJIeHbIH UBeT, XapakTepH3yIony| 
HK; noce unkyOaunn c JLHK-a30i uHTeHCHBHOCTh OKpacku B Npeobsayall 
WleM OOJIbIIHMHCTBe UX Pe3KO CHHMKaeTCA, AMPa MPH ZTOM HECKOJIbKO yBeHG| 
BaloTCA B Ppa3MepaxX, BEPOATHO B pesybTaTe HaO6yxaHUuA. B Takux 6eRHO-3en 
HbIX ALPaX BbIABJIACTCA CaOaH NMPOHHHOHINA, a Ha NOBEPXHOCTM HEKOTOPE| 
43 HUX MOABJIAeCTCA OOJIbIUOe KOJIHYECTBO MeIbYaHLWHX NMMPOHHHOHJIbHbIX 3e| 
HbIWeK, KaK Obl BbIAeIHBWUXcA U3 AXpa (puc. 1 6). Bo3smoxuo, uto 3TH 3e! 
HbILIKH ABJIAIOTCA TipeWecTBeHHHKAMH ONKCAHHbIX BbIWWe KPyNHbIX NMPOHHH| 
(ubHBIX rpany. Ecau o6pa6orannpie JLHK-asoii syqpa unky6uposars c JH) 
TO coflepxKaHne NoceqHel B HUX BOspactaeT (Ta. 1, puc. | LF). Pacueil 
MOKA3bIBalOT, UTO MPH STOM B COCcTaBe AXepHoH Spakluuu nospasetca 30—50 | 
kommuectBa J[HK, ppewenHol usBue (HaGsiofatoulmiics nocne nHKyOauMU Apt 
c JKHK npupocr PHK 8 sfepHoli dpakunn mMorxKerT ObITb OODACHEH, BePOsATH! 
NpHMecbiO ONMTOpHOoHyKeoTuz0B uv PHK k ucnowb30BaHHbIM B ONbITaX Mp! 
napatam JIHK, cocrapnsiomeli oxon0 7%). 

Ilpeqctapnator uHTepec pesybTaTbI HHKyOalluu O6pa6oTanHEIxX JLHK-aac: 
anep c PHK: Ovoxumuyeckue JaHHble yKa3biBaloT Ha peskoe yBenHYeHHe MI) 
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Puc. 1. Hykweunopble KUCJIOTLI B H30/MpOBaHHBIX H/[pax 300HOM meJlesb. A — 

HHTAKTHble Apa; 1.9. K— Apa IMTeIMAIbHbIX KCTOK, #. k. 1.— Apa KeTOK 

auMouHoro supa; B—sappa, oOpadotanupie JJHH-asoi: n. 2— nunpoHMHo- 

QUbHbIe CpaHyJbl, nN. &— UMpOHMHODMbHAaA BepHUCTOCTh Ha NoBepxXHOcTu 

afep; B—asagpa, oOpadotannsie JIHH-asou-+ PHH; / —aapa, o6padoranune 
TlH K-ason + JIHK 


M KOuM4ecTBa PHK B agepHon cbpakuun (B 2,7—4,4 pasa no cpaBHeHuto c 
‘KOZHbIMH); CYUeCTBeEHHO, UTO OAHOBPeMeHHO yBeJIMYMBaeTCA H COJepxKanne 
K (Hau4ue oKosI0 3% npumecn JLHK 8 nammx npenapatax PHK ue moxer 
CMeYHTb HMetoulero MecTo mpupocta JLHK B sagpax). 

Ipupocr JLHK 8 aapax noxrBep»xkaetca W WHTOXHMHYeCKH: HHTCHCHBHOCTb 
jPacKH MeTHJIOBbIM 3e/1eHbIM H 0 Dénbreny yBenuuuBaeTca. Cyqa mo cHHe- 
WOMY OTTeCHKY OKPaCKH Aep MeTHJIOBbIM 3e/ICEHbIM — MHPOHHHOM cosepxKa- 
e PHK B Hux yBeM4MBaeTCA MPHMepHO JO ypOBHA WHTAKTHBIX sep, HO 
OBHOM nmpupocr PHK sgepHok dpakuuu mpoucxoAuT, BUAMMO, 3a cyueT se- 
RULMX BHe Apa NMPOHHHODUJIbHBIX PpaHyJI, KOJMYeCTBO KOTOPbIX Pe3KO BO3- 
craer (ot 6—7 yo 30 B none 3peHHA),.a OKpacKa UX MMPOHHHOM CTaHoOBHTCA 
IKJIOUHTEJIBHO HHTeCHCHBHOH (puc. | B). 

TakuM OOpa30M, B 3TOM OnbiTe OOpalaior Ha ceOaA BHUMaHue [Ba (baxTa: 
yBenyeHne coxepxKanua JLHK B aqpax mpu unKyOaunu ux c PHK; 2) yse- 
(¥eHHe coflepxanua PHK Bue adep B NHpOHHHOUbHBIX rpaHysax. Ondpei, 
pexuit nu Ocasa (*), ycraHoBuBiuue cnoco6uHoctb PHK s3amenatp JIHK B 
CCTAHOBJICHUM OHOMOrMYecKOH akTHBHOCTH OOpaGOoTaHHBIx JIHK-as0% sanep, 
yarastu, uro PHK kak Obi 3aMellaeT HefocTatonlyio B Agpax JLHK u mpuuu- 
neT Ha ceOm ee PyHKUMH. 

IlonyyeHupre Hamu WaHHble yKa3biBaloT Ha TO, 4TO MpH HHKyOalluu OOpabo- 
jaHptx JLHK-a30% agep c PHK umeet, BuquMO, MeCcTO He 3aMeHa HefocTato- 
ei JIHK wa PHK, a o6pa30BaHue apu yuacruu nocnequeh JLHK B agpax. 
B HacTodilee BPeMA HakOMMeH yxKe PAX MaHHbIX, CBUACTeMbCTBYIOULMX O 
peppamenuu PHK Bs JLHK B ksaerkax %KMBOTHBIX OPraHH3MOB u OaKTepH 
8-18). MoxkHo JonycTuTb, 4TO B Hallux oMbiraxX mo HHKyOaltun anep c PHK 
AK2Ke MpoucxoAuT mpeppawlenue nocmeqHeh B JIHK. Hanuune B agpax dep- 
HTAa, PacilenmIAOllero NOMMPHOOHYKMeOTHAbI JO MOHO- HW OJIMTOHYKMeOTH OB 
/°, 2°), nosBOaeT AyMaTb, UTO TAKOMY MpeBpallleHH!O MOXKeT MpefWecTBOBaTb 
PnowMMepu3alua PHK. 


Macrary?r watonmorau u redeTuKu Toctynuso 
iMOupckoro oTfeiedHa AKayemMun Hayk CCCP 18 VI 1959 
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Jloxaanp Akagemun nayrx CCCP - eR 
1959. Tom 129, Ni 4 ) 


1) 
PH3HOJOLHA PACTEHHI, 


A. B. COBOJIEBA A | 


COBMECTHOE JIEMACTBHE MUKPO3JIEMEHTOB MOJIMBJIEHA, 
MAPPFAHILA HW KOBAJIBTA HA ®OTOCHHTES, COJEP)KAHHE 
A30TA B JIMCTbAX MOXCOJIHEUHHKA HW OBPA3SOBAHHE 
KHPA B EFO CEMEHAX 


(ITpedcmaeaeno akademukom A. JI. Kypeanoeam 19 V 1959) 


B3aumojelicTBue MHKPO3JIeEMEHTOB IPH HX COBMECTHOM JleHcTBHH Ha OOMe, 
BeIECTB y PpacTeHHH paccMaTpHBaeTCA B JIMTeEpaType WIM KaK aAHTarOHMCTHUEH 
CKoe, WIM Kak cuHepruyeckoe. Ilo-BuyuMOMy, TOT HIM HHO SscdexT, nowyyene 
HbIli OT COBMECTHO B3ATbIX MHKPO2JIEMCHTOB, 3aBHCHT OT B3ATOH Mappl (*~%)/ 

O jelicTBHH MUKPOSJICMEHTOB Ha MpOWeccbl HAKOMJICHHA HKUPa y MaCJIMUHBLA 
pacreHuli, H B YacCTHOCTH y NOAcomHeYHHKAa, paOoT Maio. OryeibHbie uccseso§ 
BaHHA MOKa3bIBalOT, YTO MHKPOSJIEMCHTbI MOFyT MOBbIWATh cosepxKaHne Wwupill 
B cemeHax (4). . 

Llesbio NpoBeeHHbIX HaMu HuCCTeLOBaHUuH Obpwio usyyeHue JeHcTBHA MUKPO} 
3JIEMEHTOB MOJIHOJeHa, MapraHlla HX KOOabTa Ha HEKOTOPble Npollecch! OOMeHZ} 
BellleCTB pacTeHHii noscomHeuHuka. Mp ucnbiTbiBadu elicrBue MMKpO3ueMeH} 
TOB IPH pa3jleIbHOM HW COBMECTHOM BHeceHuu. Ko6asibT u MapraHel, NPHMeHAIE| 
B BUJe CeEpHOKHCJIbIX COIeH, MONHOZeH — B Bue MOIMOMaTa HaTpUA. 

B kauecTBe OObeKTa CJIYKU NOAcomHeUHUK copta KAaHoB 8281. Pactenns} 
BbIPallMBaUch Ha WemsHKax Muctutyta pacrenueBojcrBa, cevieKIMU HW reHeTH | 
kv. Ilouga ombirHoro yuacTka — JerpaupoBaHHbili vepHo3em. Ilnomayb nuta} 
HHA OMHOTO pactenusa 70 X 40 cm. OOpa6oTKa yKa3aHHbIMH MHKPO3JIeMeHTaM¥| 
MIpPOBOAHaCb BHCKOPHEBbIM Cnoco6OM B BeyepHHe UaCcbl. 

KouleHTpaluu MpHMeHABWIMXCA PaCTBOPOB: CepHOKUCOTO MapraHlia WH MO} 
JHOReHOBOKHCIOrO HaTpHa | - 107% M, cepHoxucaoro KoOanbra 1+ 107-* MI 
Ha ofHo pacreuve Oplio HcnouIb30BaHO mpuMepHO 50 ma pacrBopa. OnpnickuBa} 
HH€ PaCTBOPpaMH MHKPOSJIEMeCHTOB MpOBOAMIOCh TpH pasa B TeyeHHe Bereta: 
IMOHHOTO TepHosa. 

IIpu o6pa6oTKe pacTeHuli COBMeCTHO B3ATHIMA MHKPO3IeMeHTaMU — ObIWIy) 
ACHO/b30BaHbI coueTaHHsA: 1) MnSO, + Na,MoQ, u 2) MnSO, + CoSQ,. B xa‘ 
yecTBe KOHTPOJIA CJIYXKHJIM PAaCTeHHA, OMPbICKAHHbIe AHCTUJMMPOBAHHON BORON | 

Hamu wsy4asocb BJIMAHHe€ MMKPO3/IeEMeHTOB MapraHlla, MOHOJeHa H KO: 
OambTa Ha CuleMyloulMe mpoleccpr: POTOCMHTe3, aSOTHCTHIH OOMCH B JIMCTbAX FI 
oOpasopanne *%upa B CeMeHaX NOJcoHeYHUKa. Ha ananu3 nocrynasu Bepxy-| 
WleuHble IMcTbaA (7—8-H mappi). 

OrjleuIbHbIe yka3aHUA, MMeIOWIMeCH B JIMTepaType, POBOPAT O NONOKUTeMb-| 
HOM BJIMAHHH MHKPO3JIEMCHTOB Ha (POTOCMHTe3, OMHAKO B 3THX UCCIeOBAHHAX 
HaO/OAasOcb BPe€MeHHOe NOBbIWeHHe 2Hepruu 2TOrTO mpouecca (*). B paGore 
A. A. Tpoxodpesa (°) yka3piBaeTcH Ha B3aHMOCBSI3b Mex ly PoTOCHHTe3sOM Hi 
HaKOIVJICHHeM %Upa B CeMeHaX Maka. d 

Queprua (PoTocuHTesa YYNTHIBAacCb HAMM Ha OCHOBaHHM HakomeHuA yruie- 
pola B McTbAX (Metog ®. 3. Bopogxyaunon u JI. P. Kono6aenoit (’)). 

TlouyueHHbie HAMM pe3yJIbTAaTbl NOKa3aH, YTO NO BAMAHMeM OTJeNbHO 
B3ATBIX MHKPOSJIEMeCHTOB MOJIMOJeHa, MapraHlla U KOGabTa 9Heprusa tboTOCHH- 
Te3a NOBbIIMaiacb MO CpaBHeEHHIO C KOHTPOJIEM; COBMeCTHOe IPpMMeHeHHe Tep- 
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bIX JBYX SJIEMEHTOB Jaslo Oovlee HU3KHH scpdeKT, eM pa3febHOe, UPHYeM 3TO 
aOOfalocb HaMH B pa3sHble WaTbl Ha MPOTAKeHHU BereTalMOHHOrO MepHosa 
aon. 1). 


An ertoy wermicey al 
Bauanve MHKpOsJeMeHTOB MOMHOeHa A MapraHila, B3ATHIX OTMeMbHO HM CoB- 


MECTHO, M KOOa/IbTa Ha 9HEprHto (OTOCMHTe3a B JHCTbAX MOLCOMHeUnHKA (B 
MHJIurpamMmMax C wa 1 ym? aucToBoli noBepxHOcTH; AaHHble u3 3 MOBTOpHocTer) 


a TLuctuan. Bofa Na,MoO, MnSO, Na,MoO,+MnSO, CoSO, 
18 VI to a We USO) & PANS 
o VII 130,3> 148,0 144,5 129 ,2 
2onVI 109,14 aa AUS) 
28 VI 115,27 118,18 
14 VII 174,24 178,28 
20 VII Oa ol 166,44 


IIpu usyyennu Jelicraua cochopHoKucsoro yqoOpenua Ha cofepxKanne *Kupa 

cemeHaxX NOJcoHeUHHKa Oblia nomwyyena (’) o6paTHO nponoplMoHnabHaa 
s}ABMCHMOCTb Merk ly cOep2KaHHeM KPa B CeMeCHAX H O€JIKOBBIX BELILECTB B JIMCTb- 
xX. IlonyyeHupie HaMM JlaHHble pH BHeEKOPHeBOH OGpaboTKe NOACOMHeYHHKAa 
MMKPOIICMeCHTAMH NMOATBeEPXKaloT ITO MOMO*KeHHe. 

OoOummi uw OenkoBbI a30T MBI ONpeyeiaIM nO MuKpomeTony Kpembaana, 
_ Kup — no metogzy C. B. Pyurxoscxoro (%). 
| 4 TaOamuna 2 


BaustHve MHKpOIMeMeHTOB MOMHOeHa HM MapraHia M MapraHla wu KOOasbTa, 
B3ATHIX OTJCJIbHO H COBMECTHO, Ha H3MeHeHHe COJepKaHHA aB8OTHCTHIX COeLH- 
HeHHH B JHCTbAX (B MUMurpamMMax N wa ir so3fyulHo-cyxoro  BelllecTBa) 


Asor myerun | NaMoO, |Mnso, | Nexuesd? | CoSO, |MnsO,+Cos0, 

Jlauupe 1906 r. 

Noo Zhe yee! 04,6 54,6 _ -— 

Néeax 49,9 01,8 49,8 52,0 — — 

Sie 2/9 Bena laal 2.5 = ss 

Noeakx /Noom, % 94,4 93,3 Se 95,3 — = 
WaHupe 1907 1r.* 

Noom 51,6 01,08 54), 46 49,94 

Neéea 50,03 48,91 48,91 48 , 24 

Npacrs 4,63 ZNO 2,20 1,67 

Neoenx/Noom, %| 96,8 95,7 95,6 96,6 


* Cpemnue 43 4 onpexzenenuli B nepnog 22 VI no 38 VII. 


Hamu fannie (ra61. 2) noKa3bIBaloT, YTO JCHCTBHe OTACJIbHO B3ATbIX MHK- 
oamementos: Mo, Mn u Co — cuu3uau coflepxkanne OesKOBOrO a30Ta NO OTHO- 
eHuHIO K OOUeMy; IPH MpHMeHeHHN Nap MuKpo3semeHTOB: Mo -+ Mn u Mn + 

Co — cojlep»kaHne 6eKOBOrO a30Ta IPOH KaJOCb K KOHTPOJIO; OTHOCHTEJIb- 
oe cojlepxkaHue OeKOBOrO a30Ta Y KOHTPOJIbHbIX pacTeHHH uM y pacTeHHi, 
MpbickaHHblx cmecbio Mn + Co, Opiio Bblllie, YeM y pacTeHHH, NoyyMBIUIMXx 
ubko Mn usm tTombKo Co. 

Hamu Opiio TakxKe OnpeemeHO cosepxKaHue %KUpa B CeMeHAaX MOACOMHeUHU- 
a. CoorpercTBylollMe JaHHble, mpecTaBJieHHble B TAO. 3, NOKa3bIBaIOT, 4TO 
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Ta6nuuna 3 


Tlefictaue MHKPO3MeMeHTOB MO/HOA2Ha WH MapraHila, B3ATHIX OTACIbHO H COB ~ 
MeCTHO, H KOGaIbTa Ha COMep2%KaHHe %KHpa B CeMeHax MOCOHedHHKA 


RE ag 2KH- ees Na,MoO, |MnSO, Bhs era Coso, | MnSO,+CoSO, 
Tlauupe 1956 r, 
B % Ha _ a6c. 49,4 ay 51,8 49,3 — == 
cyxX. ALpo 
B % x xoutp.| 100,0 103,6 | 104,9 99,7 — = 
B % Ha aoc. 48,9 — — — 51,6 = 
cyX. Apo 
B % x xkoutp.! 100,0 — a — 105,7 = 
Tlauupe 1957 r. 
B % Ha _ a6c. 53,8 — SOMO) — Hone 54,2 
cyxX. Apo 
B % x xoutTp.| 100,0 — LOsea — 103,14 {00,7 


OTJ@IbHO B3ATbIE MHKpO3emMeHTH! Mo, Mn u Co noBbicuJId OTHOCHTeIbHOe CC 
wepxkanve 2Kupa Ha 3—5%, copmectHoe xe JeticrBue Mo u Mn npu BprueyKa} 
3aHHbIX KOHIeHTpauMaAX He Jao MOOKUTebHOrO adpekTa; Ha OCHOBaHH 
3TOFO MOXKHO MosaraTb, YTO B3aMMOefcTBue Mo u Mn anrarouuctuyeckoe. +} 

Bropasd mapa MHKpO3/IeMeHTOB: MapraHell H KOOabT — IpH COBMeCTHO} 
UX MIPHMeHeHHH CHMKaJIM COLepKaHne XUPa MO CPaBHEHHIO C OTACbHO B3AThI 
MH MapraHileM HM KOOaJIbTOM, HO JaBaJiH Ooulee BLICOKHH 9cPekT B OTHOLEHH) 
KOHTPOJIA (AUCTHJJIMPpOBaHHOH BOLbI): cCOMepxKaHue KUPa BO3pactasio Ha 0,7) 

Ha ocHOBaHHM MOJTyYeHHbIX WaHHBIX Mbl MO2XKEM CileIaTb 3aKJHOUeHHe O He} 
JIMYAK 3aBHCHMOCTH Me@xK/ly cOfep2kanueM OeKOBOrO a30TAa B JIMCTbAX HM KUPa- 
B cemeHax. Iloq BAHAHHeM OTJCIbHO B3ATbIX MMKPOSJICMCHTOB MOJIMODeHEe| 
MapraHlla HM KOOaIbTa OTHOCHTebHOe COepKanune OeKOBOrO a30Ta B JHCTbAS 
(10 CpaBHeHHIO C OOLLMM a30TOM) CHH2KaJIOCb H COOTBETCTBEHHO yBeIHYHBaAOC! 
coJlep»kaHve 2Kupa B ero cemenax. [Joy BIMAHHeM CMeCH TeX 2Ke MAKPO3/eEMeE} 
TOB cOJlep»KaHue OeKOBOrO a30Ta MOBbIWMAIOCh, a COMepxKaHNe Kupa B cemeHa lt 
MNOACOMHEYHHKA COOTBETCTBEHHO CHM 2KaJIOCb. 


Hay4uo-uccleqoBaTeIbCKHH HHCTATYT OMosOrHH locrynu0 
XapbkoBckoro rocyapcTBeHHoro yHMBepcuTetTa 19 V 1959 
um. A. M. ToppKoro 


LiTMHPOBAHHASA JIATEPATYPA 


1M. A. WlkoabHuxk, Tp. Konep. mo MuKposmementam 15—19 mapta 1950 r., H3ih 

AH CCCP, 1952, crp. 39. 20. K. RoOpoaw6ckui, A.B.CaapeBo, JAH, 10), 
No 3, 533 (1955). 80. K. Ho6ponw6ckunit, WAH, 101, Ne 6, 1138 (195)f 
eA i ‘TamMOuH, Tp. Konp2p. no Mikposmementam 15—19 mapra 1950 r., U3a. AH CCCI) 
1952, cTp. 381 SAT A. Pu xorelp, “He hBiatcn seb ec cra eet A He sOn Ne 7, 654 (1941) 
SA.A. [I pokxogmbes, M. f. fToguesa, JAH, 114, Ne 2,,436) (1957)... 32 Os Bw 

ponkyauua, J.T. Koato6aesa, JAH, 90, Ne 5, 913 (1953). $¢.7T: Jury 
O mitadva pactesuit, COopr. crateft, M., 1955, cTp. ane? Be M panos, Mertoxnl busn} 
AOTHH W OHOXHMHHM pacTeHul, Moos 1946. 
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Hokaaye Akagemun nayrx CCCP 
1959. Tom 129, Ne 4 


PHTOMATOJIOLH A 


9. WH. CUIENSAH 


ITPYKTYPHbIE M3MEHEHWSA B HAJ3SEMHbBIX BETETATHMBHbIX 
OPrAHAX ZYGOPHYLLACEAE TIPH PA3PACTAHHH HX 
NO BIINSHHEM MAPASHTOB 


(IT pedcmaeaeno axkademuxom B. H. Cyxaueeoim 22 I 1959) 


JOHuM H3 OOUIMX BOTpOCcOB *UuTOOHKOMOrHM ABMAeTCH BOMpOc OO H3MeHe- 
t OTMCJIbHBIX TKaHeH PacTeHuH B Mpolecce rayooO6pa3s0BaHuA M B CyUaAx 
fepTpo@uu MW TruneplwiasHH NapeHXuMbI NO BUMAHMeEM HecnelMuyHbIX HU 
InuduuHpix mapasuToB. OcoObilt HHTepec MpelcTaBAIOT CTPYKTYPHble H3Me- 
LUA MPH Pa3sBHTHM HOBOOOPas0BaHUlt NapasuTapHOH YTHOOTHM Ha PewMK~- 
, OTIMUAIOMAXCA CTPYKTYPHbIMH ajlanTalluamn. 

1B nycTbIHAX TaKHMH peluKTamMu sBsatorca Zygophyllum fabago L. () 
‘BeposatHo, Halimiphyllum Gontscharovii Boriss. (°). 

!MatepnasiomM JIA uccIeOBaHuA NociyKuNKM cOoppl apropa 24 V 1957 r. 
sanoBewHHKe «TurpoBan Oanka» (TafokukucTraH). OxnM BksO"aIOT B_ CceOd 
JIbl Ha MOOAbIx cTeOnx Zygophyllum fabago L. (puc. | a), o6pasoBaHHpie 
poukamu (Gelechiidae g. sp.), HOBOOOpa3s0BaHHA Ha JHCTbAX 3TOTO PacTeHHA, 
HMKIUMe B pesysbTate undexunu Puccinia isiacae (Thum) Wint. (puc. 2 a,/), 
akKe BbISBaHHbIe COCAHHEM HeEH3BeCTHOrO HaceKoMoro (puc. 2 a, 2), H aKa- 
jomatuu Eriophyes sp. (Tetrapodili) Ha mucrbax H. Gontscharovii Boriss. 
G2 6). 

‘Jio HacTosilero BpeMeHH Ha MapHOJIMCTHUKOBBIX ObIJIM H3BECTHDI JIHLWIb HO- 
\OpasoBaHuA B BUe KyOeCHbKOB OakTepMasIbHOU MpHpObl, KOTOPble BcTpe- 
OTCA Ha KOPHAX M MOGerax, NOABepralouluxcA HHPeKUMH MPU COMPHKOCHOBe- 
a c rlouBoli. OAHaKO 3TH HOBOOGPas0BaHUA He PesybTAaT NapasuTH3Ma UX 
Oy quTemel, HO clefcTBHe CuMONMO3a pacTreHHt c OaxTepuamu (3°). 

Auanu3 crpoeHua cTe6jeBoro Frawia nNoKa3adl, YTO CTPpyKTypa cTeOJIA B 
niecce ramoo6pas0BaHuA MeHsAeTCH. 

Y wenoppexfenHoro cre6a 92muepMuc OOpa30BaH MHOFOYrOJIbHbIMH 
13KMMM MO MOA KeTKaMH, NO, KOTOPBIMM pacnouaraetca Zo 10 cnoeB 
JCHXUHMBI. KyerTKH MOceqHel MIOTHO NPMMbIKalOT APyr K Apyry wu He OOpa- 
OT KPYNHbIX MexkKJeTHHKOB. Ilo oxpyxHocTH cTeOIs, OM2Ke K CTEM, B Ma- 
IXHMe PAaCHO/araloTCA OTAebHbIe CKepeHXHMHBIe Nyyku. Iloq napenxumow 
‘OMMTCA KONbIIO NepwUnKa Hw COIMbI, OKPyXalollMX KOJIbIO KCHJICMBI. 
WeHTpe cremH Auddepenuupyerca KPyMHOKeTOuHAA cepAWeBHHHAaA NapeH- 
Ma, KJICTKH KOTOPOH, NMOAcTHNAaIOWIMe KCHJIEMY, 3HaYHTeJIbHO MeHbIe MO 
sMepaM, MIPHYeM M@XKy HHMH COBC€M H€T M@XKKJeTHHKOB. B coBokKvMHOCTH 
-KJIeTKH OOpasylor y3Ky!lO MepuMesymApHyto nosocky (puc. | 6). TlogoOnoe 
O€HHE MOJIONLIX cTeOmeli CBOMCTBeEHHO MHOFHM TapHOJIMCTHUKOBbIM (‘~*). 
Tog, so3qelicrauem rammoo6pa30BaTeA ONMCAaHHad CTPyKTypa MperepneBaer 
reHeHue. CnelyeT OTMETHTS, YTO OHO He CBA3ZAHO C IIPOCTbIM JesopraHv30BaH- 
M paspacTaHHeM TKaHel, OOpl4HO HaOmOalOUlMMCA pH HecnelupuyeckoM 
JAKCHHU B BUe perenepalMOHHOrO KasiOca, HO OOaeT PAROM XapakTep- 
X vepT. STO He CBUJeTeMbCTBYeT B NOb3SY MOJOMOCTH CMCTeMbI NapasHTHye- 
e yelllyeKpblIoe — MapHOJMCTHHK OOOOBHAHbIM WM aeT MpaBO CUHTATb, YTO 
imekc (PH3MOJIOTMYeCKM AKTMBHBIX BeUeCTB, B BereTATHBHbIX Opranax Tap- 
[MCTHUKa, TOKCHUHBIL H JIeTAJIbHbIM Jia MOZBOHOUHEIX (1°"!”), OesBpefeH MIA 
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napa3vTHpytollero HaceKOMOrO. 3aKOHOMEePHBIM ABACTCA Mpesnoo*Kenue, & 
OTCYTCTBHE HHTOKCHKAMMH JIMYMHKH TaOOOPasoBaTeIA CCTb Pe3syJIbTAaT IK 
CTBHA eCTECTBEHHOFO OTOOPa MPH 3HAYHTEMbHOH JIMTeMbHOCTH CYyLeCTBOBaH! 
CHCTeMBI Napa3sHT — XO3HHH. ITO HU OOYCIOBHIO BO3MOXKHOCTh PasBHTHA 9H} 
mapa3uTHYecKOH TyceHHlbl OabouKn. 

TIpotiecc pa3BuTHA radia mpoTeKaeT culeqyiouluM OOpa3om. Tycenuta BHE 
psaeTcA B WeHTP CTeIM HW YHHYTORKAeT CepAMeBHHHyW NapeHxumy. B pesyabre 
o6pa3yeTcA KPyNHbIt MexKKJIeTHHK — JIMYHHOUHAA MOocTb. BemeyctBue pé 


pylleHHA CepAWeBUHbI CTeEHKM MOMOCTH OOpasylorcaA u3 NepHMeLyWIApP HOH TH 


Puc. 1. a — 06min Bud ranma Ha cTe6me Zygophyllum\Vabago L., 2,5—3 x; 6— 
ceKTOp HemoBpexeHHoro cTre6na Zygophyllum fabago L. mog ransom, 280 x; 
6— ceKTop cibopMupopaBllerocsa rama Ha cTeOe Zygophyllum fabago L., 280x; 
2 — CXeMbI MomepeuHbIX Cpe30B B Mpolecce H3MeHEHHA CTpPyKTypbl cTedma Zygo- 
phyllum fabago L. npu o6pa30Banuu rama: 1 — HopMambubii cre6enb, 2—9 — 
9Talbl H3MeHeHua, 10 — nomHKocTbIO cchopMupoBaBIUNlicA Tal; m— MapeHxXuMa, 
¢— CKNepeHxXuMa, K —KcHsIeMa, CO — cepAUeBHHHad MapeHxXuMa, n. m. — TIpo- 
TudepHpyiwollad TkKadb, 4.2, — MMYMHOUHAA MoMOCTb 


HH, OOaaolleA NOTeEHWMaIbHOK 2HeprMeH pasmMHOxKeHUA. Tloq BuMAHMeM B} 
JleleHHH JMYMHKU, Aa BO3MOX%KHO UM H3MCHEHHA CPUTOTOPMOHAIbHOTO MeTaOOUL 
Ma TpaBMHPOBaHHOrO OpraHa, KJIETKH NepHMeAyIAPHOH TKAaHH HauMHaWT J 
JIMTbCA. OXHOBPeMeCHHO AKTHBUPyeTCH H Pa3MHOXKeHve KTeTOK NepHuuKsa: 
(bnosmMpl. TakuM OO6pa30M, BOSHHKaIOT Ba ONara KJeTOUHOH mpomudepaly, 
Oxu c oGenx cTopoH HUH*uNbTpUpyloT Kcumemy, PparMeHTHPya ee Ha PAL G 
MembuHoctTe uncyioM Jo 20 u Oomee. B pesybraTe pa3pbiBa KCHJICEMHOTO KOJIb} 
TKaHH OOOHX OUAPOB CJIMBalOTCA, BbICTH/AaIOT IPH JadbHeHem Pa3MHOKeH 
BCIO NOJIOCTb KaMePbI JIMYMHKH WM MPpaloT AIA Hee POb XOPOMWero MUTATeMbHC| 
cyOctpata. Hexoroppie H3MeHeHHA MpeTepneBaer creOmeBad TapeHxuma. Kay 
KM €€ MOUTH He AeIATCA, HO rHNepTpo*upytoTrcaA, MpHyeM yBeHUeHHbIE Oosb 
HOPMaJIbHBIX B 2—5 pas. BemekcrBue runeprpotbuu mapeHXuMHbIX KJIeTOK 
mpomndepalun AaKTHBMPOBaHHbIX TKaHel NMpOMCXOAMT MaTOMorMyeckoe yTC 
mleHHe cTeO/IA, KOTOPOe W ABAAeTCA ransom. IIpu yrouueHuu 2muZepMuc pacy 
rHBaeTCA, H efO KJI€TKH YBeCJIMYMBalOTCA. OTHM 3aKaHYHBAaIOTCA CTPyKTYypH| 
M3MeHeCHHA cTeOIA MpH pasBuTuNM ranma (puc. 1 eu e, J—J0). | 
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CymecTBeHHO, 4TO KCHJIeMa JIMIIb cbparmenTupyercad, a cCKJepeHXuMa 
raeTcA HenoBpexkeHHok. Takum o6pa30m, 3TOT THM pa3BUTHA rasa UMeeT 
joh XapakTep, YeM Y TaJJIOB, H3yYeHHbIX HaMH paHee (7%, 14), 
Cnenyroulaa rpynna Fa a oe Seen | a ee Se estan Ha JIMCTbAX. 
A HENOBpexKAeHHbIX JucTbeB Zygophyllum fabago L. xapaxrepupl 2—3 cnoA 
KHUX MW BbITHHYTbIX KJIETOK 
Wl BEPXHUM 9NHMJepMucom, 
pa3ylouluxX NMawucale, uv 
-5 cIOeB cilefyloluleH 3a 
ucawamMu ryOuaTohH na- 
HMxuMbI. KaeTKH Me3sodus- 
MJIOTHO COMKHYTHI. Bo- 
lyr KPyNHbIX NpoBossMAxX 
YKOB YHCJIO CIOeB NapeH- 
MHBIX KJeCTOK OovIblle 
uc. 2 @). PnosMa WyyKOB 
pomio pasButa. Heno- 
@KJeHHbIe WucTbA Hali- 
iphyllum Gontscharovii 
briss. He MMeIOT pe3ko 
ipcpep CHU POBaHHbIX Maviu- 
iW. Mesodusi cocTtouT U3 
MKHYTbIX BbITAHHYTHIX KJIe- 
‘K, M@%KJy KOTOPbIMH B 
Hpenune slucTa pacnouia- 
HeTCA 30HA KJICTOK BOJO- 
pcuoli napeHxumpl. Ha no- 
FPeuHOM paspese BUJHO, 
HO B Mesodbuise MMeeTCH 
coo 10 KjeTOUHBIX C/0EB. 
POBOAAWMe My4YKH 9TOTO f 2 
qa mOxO%KW Ha TyuKu yg ae 
befpiqyujero (puc. 2 e). P gpa { bs a te ah mh 
Ileppoe HoBooOpa3o0Ba- . cm. See un oe wd 
€ BbI3BaHO COCaHHeM Ha- 


fee BERT PAIEHOM pae o. a — HOBOCOpasopaHHe Ha stucTe Zygophyllum 
IMJIKH, B Pe3yJIbTaTe 4YerO  fabago L., BosHukIlee MOA BIMAHHEM COCyIero HaceKO- 
POM3OMIJIO MecTHOe pa3spa- cro (J), uM BHeWAMi BU MUKO3a sHCTa Zygophyllum 
yaHue WWapeCHXMMHBIX KJIe- fabago L., sbizzanHoro Puccinia isiacae (Thumb.) W int. 
! _ (2), 4—5 X;6— Buewnui Buy akapogomauni Eriophyes 
DK (Puc. 2 2) H EOSHUKHOBE Sp. Ha JIMCTe Halimiphyllum Gontscharovii Boriss. 4X; 
Me HapocToB. Ja HHX xXa-  g— nonepeunbili paspes yepes nuct Zygophyllum fabago L. 
AkTepHa uddepeHuvalua  .B palione KpynHol wxuaKH, 56 X; @e— Ncmepeunbii pas- 
alucay, NO, asuuyepmMucom, Pes vepes HOBOCOpasoBanue Ha JucTe Zygophyllum fabago 
| L., BOSHHKUIee B pe3yJIbTaTe COCaHHA — HaCeKOMOTO, 
ophosiormyeckH Cera 56 X; O— MonepeyHBIM paspes Yepes JHCT Zygophyllum 
bIX NasucafaM, Pacnos0-  fabago L., nopaxennuiii rpu6om Puccinia isiacae (Thumb.) 
CHHBIM MO] HapyXHbIM Wint., 56 x; @— TonepeuublH pa3pes uepes akapofo- 
uJlepMMCOM HeENnOBpexeH- Malan Eriophyes Sp. B JHCTe Halimiphyllum Gon- 
tscharovii Boriss., 56x 

oro mucta. IIpu o6pasoza- 

MM HapocTa cyIeCTBHeM MeCTHOH runepmiasHH ryOuaTow mapeHXHMbl 
BUIACTCA WH CMeLLeEHHE MEJIKUX MPOBONAUIMX MYYKOB, OAHakO CTPYKTYPHBIxX 
3MCHCHHIi B HUX HeT. J[nddepeniinalna nasmucay, Ha HEOObIUHOM MECTE, a Tak- 
(€ OMHOCTOPOHHEe HalpaBseHue KeETOUHOH npomudepalluu B CTOpOHy noparke- 
MA COPIaCyIOTCA C HaO 0 aBlMMUuCcA HaMU paHee (bakTamu M3Me€HCHHA THCTO- 
OrMuecKOH NOJAPHOCTH Mp OOPasOBaHUH FaJJiOB UM TepaT Ha MaPeBbIX, a TaK- 
@ C ABJICHHeEM NpomMdepaluu KeTOK JIHIWb B NOpay%KeHHOM yuacTKe OpraHa 
DH HHBa3HH erO AKTHBHO NepeABUNTaroluwuMUCHA B TKaAHM BPCAMTeAMH Ouesul- 
OF, 4TO HOBOOOpas0BaHHe ONMCaHHOTO THIa ABJACTCH mpocTreHWuM pereHe- 


AUIMOHHbIM KdaJIJItOCOM. 
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VurepecHo cpaBHHTb H3MeHeHUA CTPyKTYPbI JIMCTa, BOSHHKIIKE B pes yJIb’| 
Te COCAHHA HaCeKOMOFO, CO CTPyKTYPHbIMH H3MeHEHHAMM TPM ciellMaJM3sH]} 
BaHHOM MMKO3C, B JaHHOM clyyae pu uAdeKuuu Puccinia isiacae (Thums} 
Wint. (puc 2 0). Passusatontueca cnepMaroHun uM 9mMAuu 9TOTO rpuoa BbISBI| 
OT JIMWb rumeptpoduro KseTOK ryOuaToh mapeHXMMbI (yBeJHYMBaIOUUxcaA} 
2—3 pasa) u, B MeHbullel crenenu, rumeprpoduto KeToK namucag. IlocneqH| 
BOOOUIe B MeHbIUeli cCTeMeHH CBOMCTBeHHbI BTOPHUHbIe H3MeHeEHHA. Bosmoxy} 
UTO 3TO CBA3AHO Cc (busHOIOrMYeCcKON cnelMaIMsalMeH namucal uv ux rayOox} 
ajlantalueli K ycOBHAM OHTOreHe3a (*°). 

CpaBHUTeIbHO C ABYMA NepBbIMM MaTOJIOrHYeCKHMU H3MCHEHHAMH Mesoduil| 
cBoeoOpa3Ha OpraHu3sallua akaposomauuii B auctbax Halimiphyllum Gontscel} 
rovii Boriss. OrcyrcrBue oTueTsMBOK Audpepeniinallun Mesoduia sToro ff 
cTeHUA Ha crom6uaTy!o u ryO6uaTyloO NMapeHXHMy, COMKHYTOCTb NapeHXHMHl} 
K€TOK B JIMCTe H NOLBHKHBIM OOPas %KU3HM KJICWIMKOB, BHAMMO, U OObACHA} 
cbakT, YTO aKaposomMalluu mpescrapstor coboli Soubute (0 80% Tom) 
mucTa m0 monepeyHomy cpesy) MexKKJIeTHHKH, BHYTPeCHHWe CTCHKM KOTOPI 
oOpasopaHbl runeprpodupoBaHHbIMu KseTKaMH Mesodussia. Tuneprpodua 
X%Ke€T 3aXBaTHTb H HECKOJIbKO CJIO€B KJIETOK, COMPHKacatwoulMxcA C MHUrpUupy 
UMMM MO Mesodusy KieuluKamu. B 9TOM CJly¥ae KJIeETKH CTAHOBATCA MHOI 
yIOJIbHBIMH, CTCHKH HX YTOHUAIOTCH, a M@2KKJICTHHKH MeXKAy HUM HCUesaKy 
Korga runeptpodus 3aXBaTbiBaeT B TOM HIM HHOM yUacTKe JIMCTa BCe KJeT. 
mesoduuia, TO 90vJepMuc HW KYTHKYyJia NOX WeHCTBHeM PaCTA%KeHuA HM CaMi 
KJICIUMKOB PBYTCA, H y akapoyoMalluu OOpa3yetTcA HapyxkHoe OTBepcTne (pri 
2.e). CooTHOWeHHe TKaHeli MyYKOB H 9MMAepMuc Ip PpasBHTHH HOBOOOPa3oEF} 
HHH Ha JIMCTbAX He H3MeCHAIOTCH. . 

Oco6eHHOcTH HOBOOOpa3s0BaHHli Ha JIMCTbAX CBUJETEbCTBYIOT O HEKOTOP' 
cmeWupUyHOCTH B PeaKUHH KJICETOUHbIX KOMIIJICKCOB Me30c:uJIa Ha cneludy} 
HbIX Napa3uToOB. OrsMyalollneca rOcTaJbHOK CMeWMPUYHOCTHIO KJICWMKH U pKa 
4HHHbIM rpHO BbISbIBAaIOT KJIETOUHYIO rHMepTpoulo HW B MeHbIUWeH cTeMmeHH cT 
MYJIMPy!OT KJIeTOUHOe JemeHue. i 

CpaBHeHHe U3MeHeHHH TKaHel JMcTa Hu CTeOA pH MaTOMOrMYeCKOM Mpores 
ce — pa3BHTHH HOBOOOpa3s0BaHHl — yKa3bIBaeT Ha TO, 4TO Auddepenuup) 
BaHHble TKAHH (HalIpHMep, MYYKOB) MW KJIETOUHbIE KOMIMJI€KCbI MOryT He BOB 
KaTbCA B STOT Tpollecc H MOryT He BUAOM3MCHATLCA MATOMOrH4eCKH Jake nf 
TECHOM COMPHMKOCHOBeHHH C TKAHAMM, CTaBLUMMH BTOPHYHO MepHcTeMaTHY 
cKuMu. IIpH HopMabHOM %e MopdoreHese MepHCTeMaTHYeCKHE TKAHH OOBIM 


OKa3bIBaloT Ha TKAHM, HaxXOAAUIMeCA C HHMH PATOM, OpraHn3yrouree eucTBH 


} 


Boranuyeckuit wuctuTyT um. B. JI. Komaposa Tlocrynuso 
Axkajemun HayK CCCP LO ae 


UMTMPOBAHHAS JIATEPATYPA 


1E.T] Kopospaun, O.H.PagKkesuayny op., Tes. coreu. Mpobmema PeNUKTOB § 
tbaope CCCP B Botanuy. uact. AH CCCP, M.— JI., 2, 1938. 2 A.T. Bopucosa, Bon 
HHI. MaTep. repOapua Boraunu. nuct. um. B. JI. Komapopa AHCCCP, 18, 1957. 3 B.JI.Ue 
yeHko. Mss. umnep.CIl6 Gotan. caga, Ne1—2(1913). * 0. B. Jleé6enes, IIpupoy 
No-14 (1946). - 8. YS. Sabet, Nature, 157; -°3994 (1946) 6M. A. Mo's tame 
M. Z. Mahmoud, Nature, 167, 4246 (1951). *7L.M.Cunningham, Trans al 
Proceed. Bot. Soc. Edinburgh, 29 (1927). ®M.Evenari, J. Linnean Soc. Lond 
(Bot.), 51 (193%), °C. R. Metcalfe, L. Chalk, Anatomy of the Dicotyledor 
Oxford, 1—2, 1950. 2°A. ©. TemmepMan, Tp. Typxmen. bua. AH CCCP,Ne2 (194! 
UW. Il. 3ananqHwKk, Papmakon. uw ToKcuxon., Ne4 (1947). 2% C. TW. CoKxoao’ 
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¢ kK ax, DopMupoBaHHe suCTa 3acyxoycToliuHBbIx pacteHuli, Antxa6ag, 1954. 
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Jokuange Akagqemun nayr CCCP 
1959. Tom 129, Ne 4 


AH ATOMH fl 


A. H. KOHOHCKHH 


ONbIT H3Y4EHHA IMBPMOHAJIDHbIX MPEBPAU[EHHM MbILLILL 
3A]\HEA KOHEYHOCTH HA OCHOBE EE CEPMEHTAJIbHON 
HHHEPBALLMM 


(IT pedcmaeaeno axademukom H. H. II manveaysenom 15 VII 1959) 


B nactosuleh paOore Opiia nocTaBseHa 3ajlaua HCCIeMOBaTb CerMeHTaJIbHY!O 
HHEPBallMlO OTJCJIbHbIX MbILNI 3aHeH KOHEYHOCTH HW Ha STOH OCHOBe NOy- 
MTb IpecTaBsieHve O TOM, KaK MbIIIMbI NepeMellaiucb moce nowyueHua 
HHepBalnn B Tpollecce SMOpHOHAaJIbHOrO pa3BHTHA. 

Matepnvasom ia uccelopaHua cayxXusu 24 KoHeuHOCTH KOIeK, 8 — co- 
rs 11 — nomage, 8 — cBuHel u 6 ee ORCI, 


Lo HepBOB MOACHHYHO-KpecTuoBoro cnuereHua. Uepe3s HeKOTOpoe BpeMa 
B—7 cyToK) 9KCIepHMeHTaJIbHOe %KMBOTHOe yOuBasIOCb, AA ucceqOBaHHA 


ope OCMHeBOM KHCJOTHI, PaCUMMbIBaIHCb JO OT€IbHBIX HePBHEIX BOJIOKOH 
| MMKPOCKOMMYeCKH HCCIeEOBaIMCb Ha HaJIMUMe BOJIOKOH B COCTOAHHH BaJl- 
epoBckoH erenepaltuu. Ilogcuer mepeporJeHHbIX HEPBHbIX BOJIOKOH MpOu3- 
PIuicaA mo wWecrHOaibHOH cucreme: | — nepepoxkKeHbl CAMHUUHbIC BOJIOKHA, 
/— llepepoxleHO MeHbIle NOJOBMHBI, 3 — OKOJIO NOJOBMHbI, 4 — Oovble n0- 
OBMHbI, 5 — mourn Bce, 6 — Bce. Tak MbI UCCIeAOBaIH KOHEYHOCTH KOLIeK U 
pOak. CermeHTasIbHadt HHHepBallHA MBI JOWaIN, CBMHbH VM OBIbI H3yYallacb 
PH MOMONIM MeTOa BHYTPUCTBOJIbHOH MpenapoOBKH, KOTOPy!O BeIM OTJeIAA 


i 


iMHa HePBHbIX MYUKOB, UPHHadWeKalluX PasJIMYHbIM CerMeHTaM, YTO aBaso 
O3MOXKHOCTh MPHOMM3HTeEIbHO YCTaHOBHTb CTeIeHb YYaCTHA PasJIMYHbIX cer- 
\CHTaJIbHbIX HePBOB B HHHEPBallHH OTCIbHbIX MbIIJI 3aHeH KOHeYHOCTH y 
IccleqyemMoro BHJla *KHBOTHBIX. 

| B pesyabrare uccieqoBaHHA yJallocb yBUeTb HeKOTOPble 3aKOHOMepHOCTH 
|ACMOJOXKeHUA CePMEHTAJIbHbIX HeEPBOB H MYTH MepemellleHuxl HHHEPBUP yeMbIx 
|MH MBILUI, B Tpolmecce SMOPHOHAJbHOrO PasBUTHA. SOTO MbI PaCCMOTPHM JIA MpH- 
fepa Ha CerMeHTaIbHOH MHHepBallMM MbIUM soWatn. 

| Pesyabratbl uccesqopanuit oro6paxeubi Ha Ta6.1—3. Ha Kaxfol u3 Mx 
MAHbI MPAMOYTOJIbHUKH C Ha3BaHHAMM MBI, PacnO/IO*KeHHbIe B KJeTKAaX 
eX CEfMeHTOB, KOTOPbIe MOCHINAIOT JIA UX MHHEPBalluH CBOM HePBHble BOJIOKHA. 
} CaMOM BepXy pacriomaraerca Mba, KOTOpad JexKUT HanOosee KPaHMadbHO, 
a Heli Ppa3MeIeHbI Te MbIILIbI, KOTOPbIe JIeKaT KayMabHee, Ha JlaTepaJIbHOH 
OBEPXHOCTH COOTBETCTBYIOWErO OTMela KOHEYHOCTH, HM MOTOM TE MbILLUILbI, KOTO- 
ple JeKAaT KPaHHasbHee MpeAbiAyMMXx, HO yKe Ha MeMabHOM NMOBePXHOCTH. 
| TIpupenennpie cxeMbI CBUXeTeEbCTBYIOT O TOM, YTO MBIIIIIbl 3aHeH KOHeU- 
jOCTH OWA MHHEPBUPY!OTCH BOJIOKHAMM MOUTH BCeX NOACHHUHbIX HW Kpect- 
OBLIX C€fMeCHTOB CMMHHOFO MO3ra, HO KaxKAbIM U3 HUX MPMHHMaeT He OJMHa- 
loBoe yuacTHe B HHHepBaluu. Tax, Le uaHepBupyer ToubKO | Mpiuty, Ls— 3, 
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L,— 8, L; — 14, Le— 28, Si— 21, S2— 12, Ss— 5, S;— 1, S; 1) Moexemm 
Ky HanOoubillee KOJIMUeCTEO BOJIOKOH B MYCKYyJaTypy KOHeYHOCTH MOcHIVIae 
6-H NOACHHUHDI HepB, TO, CIeEOBaTebHO, COOTBETCTBY!IOLLMH eEMy MHMOFeHHEI 
MaTepHaJI SMOpHOHa TIpHHA HavOombiuee yuacTHe B OOpas0BaHNH MYCKYJeé 
TyPbl KOHEYHOCTH BO BCeX ee 3BeHbAX. TaKOH CerMeHTaJIbHBIM HepB NPHHAT 


Ha3bIBaTb OCeCBbIM HEPBOM KOHeCYHOCTH. 
TaOauna 1 


| Aseas minor | | Aseas minor | 
| 4500s mayor | | 4500s mayor | 
Aiacus lat lat 
ia Med, 
ey f lat. 
Glut.§ Gees 
GLULQEUS | —sGlutaeus medius | 
po ee 
aaa tnt. 
Hee ahve 
ML (CARVElL) 
P| [semniaave 


Ta6nmuna 2 


seme (cap. tsth) | 
SEAM. | Semi (cap isch) sth 
Obtur ae 


[Pato 2 


Ta6n. 1—3 tTaxxe noKaspIBalor, uTO KaxKad MBIA KOHeYHOCTH noayyae: 
BOJIOKHA OT H€CKOJIBKUX C€MeHTAJIbHLIX HEPEOB, T. €. MbIIIMbI 3aHeli KOHeU, 
HOCTH ABJIAIOTCA MJIOPHCerMeHTaJIbHBIMH MbiWwiamu. HeomunaKopoe KOJINUe: 
CTBO HePBHEIX BOJIOKOH Pa3HUHbIX C€fMeHTOB B Ka2kJOH OTAeNbHOM MbILLL 
TOBOPUT HE TOJbKO O C/JIOKHOM ee NPONCXOKMCHHN U3 HECKOABKUX NepBYYHBE 
SaaTKOB, HO HO TOM, UTO B KOJMUCCTBEHHOM OTHOWeHHH 3TH 3a4aTKH B OOpa 
SOBaHHH OTACJIbHBIX MBI NPHHAMaIM He OJMHakKOBOe yuactne. B oTMeNbHBE 
SBCHbAX KOHCNHOCTH HEPBHBI€ BOJIOKHA Pa3MUHOTO CerMeHTaIbHOTO Mponc. 
XOKMCHHA PacnOJarawTca celyiomuM oOpasom: 

B WHHepEallun MBI TasoRoro nosca (Tab. 1) yuacTBYIOT OT BTOporo nose 
HHYHOTO NO nocweqHuH KpecTuOBBh cermeHthI. Tipu stom pomoKHa CcaMBIx Kpa, 
HMabHbIX (Le, Ls), nm camMbix KayfaJIbHBIX (Sy, Sg) cerMeHTOB 3a Npefesbl_ MOA 
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pacnpoctpansiorca. CieqopareibHo, mepBM4HbIit muoreHHbii maTepua, 
OTBETCTBYIOWLMH STHM CerMeHTaJIbHLIM HepBaM, He JocTur Ooubuloro pasBuTuaA 
|HBHJICA MCPBHYHbIM HCTOUHHKOM TOJbKO Js MOCTPOeCHUA MYCKywaTYyDpbI MoAca 
DHEUHOCTH. 

|| SaKOHOMepHocTb B pacnOOx%KeHHH BOJOKOH pa3/IM4HOrTO cerMeHTadbHOrO 
POMCXOKACHHA B MBIIIax Tas0BOro NoOACa MOWAqM 3akmO4aeTCA B TOM, 4TO 
PaHHasbHO NeKalllMe MbIWLbI MHHEPBHPY!OTCA BOJIOKHAMH KPaHHaJIbHbIxX cer- 
/PHTAJIbHbIX HEPBOB HM MOCJIEAOBaTeIbHO BCTYMaIOT B CBA3b C KayJabHBIMU 
epBaMu MO MeCTy cBOero pasMeuleHuA. Uem kayJasbHee pacnoaraerca MbIIlI- 
IH, TeM OO/IbIWe OHA HHHepBUpyercd BONOKHAMM KayMasIbHBIX CerMeHTOB. 
| MbIMIax myeyeBoro nOAca TaKOM 3aKOHOMepHocTH Her (°%,’). 

|| B mpmuiax 6eqpa (ra6n. 2) pacnpocrpansiorca BomOKHa oT 4-ro noscHHU- 
ibro 0 2-ro Kpecrmosoro ‘cermenta. KpanuaJibuble 43 HUX (L,, L;) uHHepBu- 
jyior CTOHHY1O, rpeOeWIKOBUAHY1O M MOPTHAXHY!0 MBI, a TakK%Ke MeLMaJIb= 
nyiO rOJIOBKY YeTbIPeXriaBOH MBI Oekpa, T. €. OM CMeLICHbI Ha MeMasb- 


Ta6Oauna 3 


Fl hell 
| Fl af long 


yio mopepxHocTb. KayJambHple Ke HepBpl (Si, Sa, Ss) pacnpocrpaHaiorca B 
OulyMepenoH4aTOH, MOMycyxXO*KuJbHOH MW AByriaBOH MbIlWax, T. e€. HanpaB- 
AIOTCA He TOJIbKO KayasIbHO, HO CABMHYTbI Ha JlaTepaJIbHy!O MOBepXHOCTb. 
aKOe PaciO/lOx%KeHHe CefMCHTa/IbHbIX HePBHbIX BOJIOKOH B MbIltlax 6empa 
OXKHO PacCMaTPHBaTb Kak CJle, NOBOPOTa KOHC4HOCTH, KOTOPbIM XOPOLO u3y- 
eH Kak y HU3UIMx ueTBepoHorux (°), TaK y HEKOTOPbIX JOMALIHAX 2KMBOTHBIX 
ms 9 10 

i 3 rs BHUHO, UTO KPaHWaJIbHbIe CefMeHTHI BO BpeMA IMOPHOHAbHOrO 
IOBOpoTa KOHeEYHOCTH CIBMHyMCcb Ha MeMasIbHy!O MOBePXHOCTb aJblle, 
eM KayMaJbuble Ha JlaTepaJbHy10. OcoGeHHO 9TO KacaercA 4-ro MOACHMYHOrO 
ePMeCHTA/IbHOrO HepBa, KOTOPbIfi HHHepBUpyer B OOMacTH Oekpa cTOMHYyIO U4 
‘peOelIKOBUAHYIO MbIILMbI, B TO BPCMA KaK MBILJbl, HHHEPBUPyeMble MepBLIMM 
[BYMA KPecTUOBLIMH cCerMeHTamu (3aqHeOempeHHad rpynma), SHadMTe/bHO 
MCHbUIe CMeCTHIHCb Ha JlaTepasJIbHy!O MOBeEPXHOCTb, 4YeM MpeNyikyulue Ha Me- 
ldaibuyio. W3 ra6auuet 2 BUAHO TakxKe, 4ro 6-H MOACHHYHDIM HepB He 
IBUraeTCA pH MOBOpOoTe KOHeYHOCTH HM pa3MelllaeTcA Kak Opl NO OCH, 
IBIAACh HB STOM CJly4ae OCeBbIM H€PBOM KOHE4HOCTH. — 

Ilo cpapHenuio c mepequelt KoHeuHOcTIO (°,’) onMcaHHI CABur CerMeHTaJIb- 
{bIX HEPBOB, KOTOPbIM MbI CBA3bIBACM C NOBOPOTOM KOHeYHOCTH, 3feCb BbIParkeH 
feHbute. M3 storo cilefyer, YTO Ha 3aHel KOHeYHOCTH CefoB NOBOpoTa OcTa- 
10Cb MeHbllle, uemM Ha MepefHel. OueBuAHO, B Npollecce sMOpMoreHesa MOBOPOT 
ecb MpOMCXOAMI B MeHbIWeH cTemeHH. 

B o6aacra romenu (Ta6u1. 3) OOMbIMHCTBO MBI MoJIyyaeT HHHeEpBallulo 
yp 6-ro MOACHMUHOrO HepBa. Mem, erKaulue Ha 3afnell MoBepxHocru (crH- 
aTCIH MaIblla, HKPOHOXKHbIe), B OCHOBHOM MHHEPBUPYIOTCA BOJIOKHAMM Tep- 
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BbIX JBYX KPeCTHOBbIX He€PpBOB. GaKOHOMePHOCTb B HHHepPBallMH KPaHWaJIbHO 
Jle2%KalllMX MbILLIM, KPaHWaJIbHbIMH CePMeHTaJIbHbIMM HePBaMM 3/\eCb BbIparkeHa 
MeHbINe, UeM B OGsacTH nosca. IIpuynHO STOMy ABHJIOCb, MO-BUAMMOMy, TO, 
uTO BO BPeMA SMOpHOreHesa 3TH MbBILUIMbI MOMBeprasucb Oosee CHJIbHbIM Nepe- 
MeILeHHAM. 

V3 scero BpllllecKa3aHHOro BUHO, YTO 3AKOHOMePHOCTb B Pacno/O*KeHun 
CefMCHT@JIbHbIX HePBOB B MbBIIUMaX 3aHeH KOHeEYHOCTH 3HAYHMTebHO Jlyulle 
BbIpaxkeHa, YeM Ha mepesuelt (°,”), T. €. MbILIM{bl 3aHel KOHeYHOCTH B 9MOpHO 
reHese liperepresiM MeHbIle MepeMelileHuli, YeM MepeHeH. OTO, BOSMO2KHO, CBA 
3aHO C Oovlee CIOXKHbIMM (PyYHKUMAMM NepeHeH KOHeEYHOCTH TIO CpaBHeHUtO 
gauel, TO y NpeAKOB JlOWalM B CBA8H C MHOTONAaOCTbIO ObIIO BbIpaKeH 
nyulle, 4eM y COBpeMeHHOrO ee mpescrasutesA. Kak Mbl y2Ke yNOMHHAJIM BbIIe 
OCeBbIM HEPBOM KOHEYHOCTH ABJAeTCA 6-H NOACHHYHBIN, NOCHIMAaIOUWMH B MyCKy 
JaTypy KOHewHOCTH HavOoulbUlee KOJIMYeCTBO BOJIOKOH HM MHHepBUPYIOUlMe 
OCHOBHY1O Maccy MbBIILI, 3aHeH KOHeuHOCTH. B mpollecce NMOBOpoTa OH He CMe 
IaeTCA HM ABJIACTCH OCEBLIM B Y3KOM CMBICsIe 9TOTO cOBa. Takue HanOouee BbI 
PaxK€HHbIe 3AKOHOMePHOCTH: HasiMuNe OCeBOTO HepBa, CABHI HePpBOB, paccMa 
TPHBAeMbIi HAMM Kak CJIeACTBHe HOBOpOTa KOHeYHOCTH BO BpeMaA SMOpHOoreHe 
3a, UpaBuJIbHOe WM MOCeLOBaTeMbHOe PaCNOJIOReHHe CeMeHTAJIbHbIX HeEPBO 
B 3ajlHeli KOHC4UHOCTH MO CpaBHeHHtO c MepedHeH, OcoOeHHO B OO/acTH MOsKCAa, 
Mbl BUeIM H y Apyrux BHAOB UucceyeMbIX 2%MBOTHBIX. BuyoBpie oOcobeH 
HOCTH 3JleCb 3aKJIOUAaJIMCb B CTeMe€HH CABHTa KOHEYHOCTH, 4TO ONpeemAeT MONO 
*KeHHe OCeBOTO HeEpBa, KOTOPbIM y KOWWKM aABAAeTcA Le, y cBHHbU — Le, y co 
6axu Le nau L;, y oBubl — S1. Kpome Toro, y pa3JIMYHbIX BUOB XKHBOTHEI 
He OJMHAKOBO BUH! Clefbl NOBOPOTa KOHEYHOCTH, a Tak?Ke HMeIOTCA OCOOeH 
HOCTH, KacafOulwecd OT@JIbHbIX MbBILLII. . 

B HacTroalleM COOOWIeEHHH MbI He 3aTparHBaeM BOTIpoca O TOM, KaK pa3Bu 
BalOTCA OTJICIbHbIe MbIMeUHbIe 3A4aTKH HW YeM OHH ABJIAIOTCA — TpOM3BOLHbIM 
MHOTOMOB HH HeluddepeHuupoBaHHOH cOMaTOMJeBpa/bHOu Me3e€HXHMb 
(1~5,°), Tak KaK CBOHM BbIBOJbI MbI CTPOWIM Ha TeX (hakTaxX, KOTOPbIe HMeIO 
MecTO mocwie TOTO, KaK MbIIUMbl NouyualoT MHHeEPBallnio. 


BesouepkKopex nit Tlocty nwo 
CebCAOXO3HSHCTBEHHBIM BHC PATYT 14 VII 1959 
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